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P R E F A C E 
O r i g i n a l l y the t i t l e of th i s t h e s i s w a s to h a v e b e e n " S c i e n t i f i c 
T e c h n i q u e s of C i t y P l a n n i n g , " but w h e n the r e s e a r c h and w r i t i n g w e r e 
b e g u n i n e a r n e s t i t s o o n b e c a m e e v i d e n t that i n t r o d u c i n g b a s i c c o n ­
c e p t s w o u l d r e q u i r e a l l the t i m e a v a i l a b l e f o r the s t u d y . The a u t h o r 
r e g r e t s that s o m e of the s u b j e c t s c o u l d not have b e e n t r e a t e d i n m o r e 
d e t a i l . T h e t a s k of o u t l i n i n g s p e c i f i c s t e p - b y - s t e p t e c h n i q u e s w i l l 
h a v e to be l e f t for the f u t u r e . 
T h r o u g h o u t the t h e s i s t h e r e a r e two t h e m e s . T h e f i r s t t h e m e 
i s the a r g u m e n t that s c i e n t i f i c t r e a t m e n t of c i t y p l a n n i n g p r o b l e m s c a n 
be of g r e a t v a l u e . T h e s e c o n d t h e m e i s a n e f f o r t to p r e s e n t i n f o r m a ­
t i v e m a t e r i a l about v a r i o u s t e c h n i q u e s w h i c h s h o w p r o m i s e of b e c o m ­
ing u s e f u l to c i t y p l a n n e r s . It w a s not p o s s i b l e to i n c l u d e a l l s c i e n ­
t i f i c t e c h n i q u e s w h i c h m i g h t c o n c e i v a b l y h a v e a b e a r i n g o n c i t y p l a n n i n g , 
n o r w a s it p o s s i b l e to g i v e both s i d e s o r the a r g u m e n t a b o u t u s i n g the 
s c i e n t i f i c a p p r o a c h to s o l v e c i t y p l a n n i n g p r o b l e m s . T h e r e a r e s t i l l 
m a n y p r o b l e m s i n c i t y p l a n n i n g w h i c h a r e v e r y d i f f i c u l t to t r e a t 
s c i e n t i f i c a l l y . T h e a u t h o r r e c o g n i z e s the l i m i t a t i o n s of p r e s e n t - d a y 
s c i e n c e , but the p o s i t i o n t a k e n i n th i s s t u d y i s that the s c i e n t i f i c t r e a t ­
m e n t of c i t y p l a n n i n g p r o b l e m s c a n be the m o s t s u c c e s s f u l t r e a t m e n t 
i i i 
i n the l o n g r u n . E v e n t h o u g h it t a k e s a g r e a t d e a l of e f f o r t to d e v e l o p a n 
a d e q u a t e s c i e n t i f i c t e c h n i q u e , o n c e d e v e l o p e d , i t s u s e f u l n e s s r e p a y s 
the e f f o r t . 
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S U M M A R Y 
The i n c r e a s i n g s i z e and c o m p l e x i t y of u r b a n a r e a s w i t h i n the 
U n i t e d S t a t e s b r i n g s the n e e d f o r m o r e e f f i c i e n t and m o r e t h o r o u g h 
a n a l y s i s of c i t y p l a n n i n g p r o b l e m s . T h i s s t u d y a p p l i e s s c i e n t i f i c 
c o n c e p t s to c i t y p l a n n i n g i n o r d e r to s h o w t h e i r p o t e n t i a l u s e f u l n e s s . 
T h e s c i e n t i f i c c o n c e p t s p r e s e n t e d i n th i s s t u d y a r e d e s c r i b e d 
w i t h i n the f r a m e w o r k of f i v e c i t y p l a n n i n g f u n c t i o n s : (1) s u r v e y and 
a n a l y s i s of d a t a , (2) m a i n t a i n i n g a c o n t i n u o u s r e p o r t i n g of d a t a , (3) 
c l a r i f y i n g p o l i c i e s on w h i c h p l a n s a r e b a s e d , (4) m a k i n g d e t a i l e d p l a n s 
to i m p l e m e n t p o l i c i e s , and (5) e v a l u a t i n g the e f f e c t i v e n e s s and d e s i r ­
a b i l i t y of r e s u l t s e m e r g i n g f r o m the p l a n n i n g p r o g r a m . 
T h e d e v e l o p m e n t of o p e r a t i o n s r e s e a r c h and s y s t e m s e n g i n e e r i n g , 
d u r i n g and f o l l o w i n g W o r l d W a r II, h a s p r e p a r e d the w a y for the u s e 
of s c i e n c e in c i t y p l a n n i n g . S e v e r a l o p e r a t i o n s r e s e a r c h t e c h n i q u e s 
w h i c h s h o w p r o m i s e of b e i n g u s e f u l to c i t y p l a n n e r s a r e d e s c r i b e d . 
T h e p r e s e n t l a c k of w e l l d e v e l o p e d c i t y p l a n n i n g t h e o r y m a k e s 
i t n e c e s s a r y to r e l y u p o n e m p i r i c a l d a t a to a h i g h d e g r e e . T h u s , s t a ­
t i s t i c a l c o n c e p t s a r e e m p h a s i z e d . T h e r e l a t i o n s h i p w h i c h i n d u s t r i a l 
q u a l i t y c o n t r o l and e l e c t r o n i c c o m p u t e r t e c h n i q u e s b e a r to c i t y p l a n n i n g 
i s b r i e f l y d i s c u s s e d . T h e p r o c e s s of m a k i n g d e c i s i o n s i s d i s c u s s e d 
a l o n g w i t h the two m a j o r p r o b l e m s f a c i n g d e c i s i o n m a k e r s : (1) m e a s u r i n g 
v i i i 
s o c i a l v a l u e s , and (2 ) d e t e r m i n i n g p r o b a b i l i t i e s of o c c u r r e n c e s . A f e w 
t e c h n i q u e s of p r o b l e m s o l v i n g a r e a l s o d i s c u s s e d . 
B e c a u s e the s o c i a l e f f e c t s of c i t y p l a n n i n g i n n o v a t i o n s a r e s o 
g r e a t , e v e r y e f f o r t s h o u l d be m a d e to g a i n m a x i m u m k n o w l e d g e f r o m 
e a c h o n e . T h e c o n c e p t of t e l e m e t e r i n g i s s h o w n to be u s e f u l i n p r e s e r v ­
ing d a t a w h i c h i s o f t e n l o s t b e c a u s e of l a c k of f o r e t h o u g h t , and the c o n ­
c e p t of f e e d b a c k i s s h o w n to be u s e f u l i n i m p r o v i n g the e f f e c t s of p l a n ­
ning p r o g r a m s . 
C i t y p l a n n e r s c a n e x p e c t s c i e n t i f i c c o n c e p t s to p l a y a g r o w i n g r o l e 
i n t h e i r p r o g r a m s of r e s e a r c h and p l a n n i n g . C o n s e q u e n t l y , it i s r e c o m ­
m e n d e d that p e o p l e w i t h s c i e n t i f i c t r a i n i n g be e n c o u r a g e d to p a r t i c i p a t e 
i n the p r o c e s s of c i t y p l a n n i n g . It i s a l s o r e c o m m e n d e d that the t e a m 
a p p r o a c h , w h e r e i n a n u m b e r of s p e c i a l i s t s w o r k t o g e t h e r o n a s t u d y , 
s h o u l d be u s e d a s a m e t h o d of m a r s h a l l i n g the r e q u i r e d a m o u n t of 
k n o w l e d g e to c a r r y o n t h o r o u g h a n a l y s e s . F i n a l l y , a n u m b e r of t o p i c s 
f o r f u r t h e r s t u d y a r e l i s t e d and the c o m p i l a t i o n of a c i t y p l a n n i n g h a n d ­
book i s r e c o m m e n d e d a s a m e a n s of m a k i n g the s c i e n t i f i c k n o w l e d g e of 
c i t y p l a n n i n g r e a d i l y a v a i l a b l e to a l a r g e p r o p o r t i o n of the p r o f e s s i o n a l 
c i t y p l a n n e r s . 
C H A P T E R I 
I N T R O D U C T I O N 
" C o n c e p t s p r e v i o u s l y k n o w n o n l y i n a g i v e n f i e l d m a y s p r e a d far 
b e y o n d i t s b o u n d a r i e s , n o t a b l y in r e c e n t t i m e s . "^ W i t h t h i s bi t of e x ­
p e r i e n c e a s b a c k g r o u n d , t h i s s t u d y i s a n e f f o r t to s p r e a d a f e w s e l e c t e d 
c o n c e p t s of the s o c i a l , n a t u r a l and m a t h e m a t i c a l s c i e n c e s to the f i e l d 
of c i t y p l a n n i n g . 
The f u n c t i o n of p l a n n i n g . - - I t i s f i r s t n e c e s s a r y to s e t doWn a d e f i n i t i o n 
of c i t y p l a n n i n g in o r d e r that the r e l a t i o n s h i p s b e t w e e n s c i e n t i f i c t e c h ­
n i q u e s , i n t r o d u c e d i n the s t u d y , and c i t y p l a n n i n g c a n be s e e n . The 
f o l l o w i n g d e f i n i t i o n of c i t y p l a n n i n g i s not m e a n t to be the l a s t w o r d o n 
the s u b j e c t . It i s m e r e l y m e a n t to g i v e a c o n t e x t i n w h i c h t h i s s t u d y 
c a n be r e a d and u n d e r s t o o d . 
T h o u g h i n m o s t c i t i e s c u r r e n t c i t y p l a n n i n g p r a c t i c e i s l a r g e l y 
c o n f i n e d to m a k i n g p h y s i c a l p l a n s , the l e a d i n g thought a m o n g t h e o r i s t s 
i s that c i t y p l a n n i n g s h o u l d be "as b r o a d i n s c o p e a s c i t y g o v e r n m e n t . " 
C i t y p l a n n i n g i s c o n c e i v e d a s a n a d v i s o r y s e r v i c e to the c h i e f e x e c u t i v e , 
and t h r o u g h h i m i t i s a d v i s o r y to the l e g i s l a t i v e b o d y . C i t y p l a n n i n g i s 
a s ta f f f u n c t i o n in the s e n s e that i d e a l l y it i s d e v o t e d e x c l u s i v e l y to the 
k n o w i n g , th inking and p l a n n i n g a c t i v i t i e s of g o v e r n m e n t a s o p p o s e d to 
the l i n e f u n c t i o n w h i c h i s c h i e f l y c o n c e r n e d w i t h the "do ing 1 1 a c t i v i t i e s 
of the o p e r a t i n g d e p a r t m e n t s . "As a n i n t e g r a l p a r t of a n a d m i n i s t r a t i v e 
2 
s t r u c t u r e the f u n c t i o n s of a p l a n n i n g s ta f f a r e b r o a d l y t w o f o l d : (1) to 
c a r r y o n r e s e a r c h and to m a k e r e c o m m e n d a t i o n s o n the b a s i s t h e r e o f 
and (2) to / _ s y n t h e s i z e _ / d e p a r t m e n t a l p o l i c y / _ i n t o a n o v e r a l l c i t y 
plan_7. " 3 
T h e r e a l t e s t of p l a n n i n g i s not o n l y how s o u n d it i s f r o m a t e c h ­
n i c a l po in t of v i e w . It d e p e n d s a l s o o n w h e t h e r and how i t i n f l u e n c e s 
o f f i c i a l a c t i o n . " P l a n n i n g , of w h a t e v e r c h a r a c t e r and no m a t t e r how 
g o o d , i s u s e l e s s u n l e s s it i n f l u e n c e s o f f i c i a l a c t i o n . "4 
P l a n n i n g i s a p r o c e s s a v a i l a b l e to a n y o n e w h o w i l l u s e i t . It i s 
a v a i l a b l e to t o t a l i t a r i a n g o v e r n m e n t s a s w e l l a s d e m o c r a t i c g o v e r n m e n t s , 
p o l i t i c a l b o s s e s a s w e l l a s p r o f e s s i o n a l p u b l i c a d m i n i s t r a t o r s , g r o u p s 
of p r i v a t e c i t i z e n s a s w e l l a s o f f i c i a l g o v e r n m e n t , and p r i v a t e e n t e r p r i s e 
a s w e l l a s p u b l i c e n t e r p r i s e . In a d e m o c r a c y , p l a n n i n g for the p u b l i c 
g o o d i s "the p r o c e s s by w h i c h w e m a k e a c o n t i n u o u s , o r g a n i z e d e f f o r t 
to g a t h e r a l l the f a c t s about a n d b r i n g a l l the s c i e n t i f i c i n s i g h t to b e a r 
u p o n a n y p r o b l e m w h i c h m a y r e q u i r e the a d o p t i o n of a p u b l i c p o l i c y . "^ 
In e s s e n c e the i d e a h a s b e e n e x p r e s s e d a s "to put the e x p e r t s o n tap 
r a t h e r than o n t o p . " P l a n n i n g i s the p r o c e s s w h i c h m a k e s a v a i l a b l e to 
the p o l i t i c a l d o m a i n of p u b l i c d e c i s i o n e x p e r t r e s e a r c h and s y n t h e s i s . 
T h i s s t u d y s t r e s s e s s c i e n t i f i c c o n c e p t s for g o o d r e a s o n . " T h e 
i m p o r t a n c e of s c i e n c e i s l e s s i n i t s m a t e r i a l b o o n s than i n i t s u n i v e r ­
s a l i t y , i n the l a r g e a r e a of a g r e e m e n t that it h a s a c h i e v e d ; the f a c t that 
it h a s r i s e n a b o v e p a r t i c u l a r l a n g u a g e s to a f o r m of d i s c o u r s e that m a y 
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b e c o m e c o m m o n to a l l , and be i n c o r p o r a t e d in to t h e m . M o d e r n t h e o r y 
i s w e l l a d a p t e d to e s t i m a t i n g the d e g r e e and e x t e n t of the v a l i d i t y of 
p r o p o s i t i o n s , and p e r h a p s e v e n of g i v i n g t h e m d i r e c t i o n . 1 1 
N e e d for n e w m e t h o d s . - - A l t h o u g h c i t y p l a n n i n g h a s b e e n p r a c t i c e d s i n c e 
c i t i e s f i r s t a p p e a r e d , t h i s p r a c t i c e d e v e l o p e d i n t o a c o n s c i o u s p r o c e d u r e 
a s c i t i e s b e c a m e c o m p l e x . F i n a l l y c i t y p l a n n i n g d e v e l o p e d in to a p r o ­
f e s s i o n and h a s b e e n p r a c t i c e d a s a p r o f e s s i o n ( though a n i l l d e f i n e d o n e ) 
for m o r e than half a c e n t u r y . 
T h e n e e d f o r n e w m e t h o d s i s a n a t u r a l r e q u i r e m e n t for a n y p r o ­
f e s s i o n , but t h e r e a r e s p e c i a l r e a s o n s w h y the p r o f e s s i o n of c i t y p l a n ­
ning i s r i p e for the a p p l i c a t i o n of n ew m e t h o d s at t h i s p a r t i c u l a r t i m e . 
U n d e r l y i n g t h e s e r e a s o n s i s the r a p i d l y i n c r e a s i n g c o m p l e x i t y of m a n ' s 
e x i s t e n c e . One bi t of p r o g r e s s d o e s not m e r e l y add to a n o t h e r ; i t m u l t i ­
p l i e s . F o r i n s t a n c e , w o r l d p o p u l a t i o n g r a p h e d w i t h r e s p e c t to t i m e 
s t a r t s s l o w l y but g a i n s m o m e n t u m unt i l a t the p r e s e n t t i m e i t e x h i b i t s 
a v e r y r a p i d r a t e of g r o w t h . I n s p e c t i n g a g r a p h of the a v e r a g e s p e e d s 
of t r a n s p o r t a t i o n y e a r - b y - y e a r , the n u m b e r of t e l e p h o n e s i n u s e , or the 
n u m b e r of p e r s o n s s u p p o r t e d b y o n e f a r m w o r k e r , the s a m e t r e n d i s 
n o t i c e d . One type of p r o g r e s s a f t e r a n o t h e r f o l l o w s the t r e n d of the 
g r o w t h c u r v e . 
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F i g . 1 T y p i c a l G r o w t h C u r v e 
S o u r c e : H. H. G o o d e and R . E . M a c h o l , S y s t e m s E n g i n e e r i n g . N e w 
Y o r k : M c G r a w - H i l l B o o k C o m p a n y , 1 9 5 7 , p p . 2 - 3 . 
C i t y p l a n n e r s h a v e w o r k e d w i t h t h e s e p h e n o m e n a l o n g e n o u g h 
that no m o r e n e e d s to be s a i d to t h e m a b o u t i n c r e a s i n g r a t e s of g r o w t h . 
U n t i l r e c e n t l y the e f f e c t s of s c i e n c e u p o n the p e o p l e of the w o r l d 
w e r e v e r y l a r g e l y r e s t r i c t e d to a l a i s s e z f a i r e c h a r a c t e r . W h e n a s c i e n ­
t i f i c l a b o r a t o r y t u r n e d out a n e w p r i n c i p l e , p r i v a t e e n t e r p r i s e p i c k e d i t 
up and t u r n e d out a n e w p r o d u c t . T h e p u b l i c r e a c t e d i n a n a t u r a l w a y , 
w i t h e a c h p e r s o n e x e r c i s i n g h i s i n d i v i d u a l i t y . T h i s l a c k of a n y g o v e r n ­
m e n t p o l i c y to g u i d e the u s e of n e w p r o d u c t s of s c i e n c e w a s in the t r a d i ­
t i o n of e i g h t e e n t h c e n t u r y l a i s s e z f a i r e in w h i c h a p o l i c y of n o n - i n t e r ­
f e r e n c e i n e c o n o m i c a f f a i r s w a s d e e m e d a p p r o p r i a t e for g o v e r n m e n t . 
T h e d e p r e s s i o n of the 1 9 3 0 ' s and the S e c o n d W o r l d W a r w h i c h 
f o l l o w e d d r a m a t i z e d the i n a d e q u a c i e s of s u c h a p r o c e d u r e . S o c i a l p l a n ­
ning b e g a n to c o m e out of i t s a c a d e m i c h o m e i n t o p u b l i c s e r v i c e . T h e 
r e q u i r e m e n t s of w a r s t e p p e d up s c i e n t i f i c r e s e a r c h a n d d e v e l o p m e n t 
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u n b e l i e v a b l y . Of c o u r s e , s e c r e c y s u r r o u n d e d m u c h of w h a t w a s d o n e , 
but in the 1 9 5 0 ' s s o m e of the s e c r e c y d i s a p p e a r e d , r e v e a l i n g a s t o u n d ­
ing p r o g r e s s . It i s at t h i s po in t i n h i s t o r y that t h i s s t u d y w a s u n d e r t a k e n . 
The d e p r e s s i o n g a v e c i t y p l a n n e r s a p r o m i n e n c e t h e y n e v e r e n j o y e d 
b e f o r e and s c i e n t i f i c r e s e a r c h i s o f f e r i n g the c i t y p l a n n e r n e w t o o l s 
m o r e p o w e r f u l than a n y he has e v e r had b e f o r e . T h e t i m e i s o p p o r t u n e 
for the a p p l i c a t i o n of n e w m e t h o d s to c i t y p l a n n i n g . 
S c i e n t i f i c m e t h o d s . - - B e f o r e n e w m e t h o d s or c o n c e p t s w h i c h c a n be 
a p p l i e d to c i t y p l a n n i n g a r e d e s c r i b e d , it w i l l be he lp fu l to s a y a f ew 
w o r d s about s c i e n t i f i c m e t h o d . A l t h o u g h i t i s not n e w , s c i e n t i f i c m e t h o d 
i s s t i l l a c c e p t e d a s the b a s i c p h i l o s o p h y b e h i n d p r e s e n t - d a y s c i e n t i f i c 
c o n c e p t s . S c i e n t i f i c m e t h o d d e v e l o p e d o v e r a p e r i o d of m a n y c e n t u r i e s , 
a s a r e s u l t of the t h o u g h t s of p r a c t i c a l a s w e l l a s t h e o r e t i c a l p h i l o s o p h e r s . 
T h e e a r l i e r p h i l o s o p h e r s c o n c e n t r a t e d o n l o g i c a l s y s t e m s of 
thought , th ink ing that r e a s o n w a s a s u f f i c i e n t p r o o f of t h e i r i d e a s . H o w ­
e v e r , m o r e r e c e n t p h i l o s o p h e r s h a v e r e a l i z e d that l o g i c c a n n o t p r o v e 
a n y t h i n g to be t r u e of the r e a l w o r l d u n l e s s the a s s u m p t i o n s on w h i c h 
the l o g i c r e s t s a r e c o r r e c t . In a n e f f o r t to m a k e s u r e that t h e i r l o g i c 
d o e s not l e a d t h e m a s t r a y , m o d e r n s c i e n t i f i c p h i l o s o p h e r s take p a i n s to 
c o m p a r e t h e i r l o g i c a l c o n c l u s i o n s w i t h o c c u r r e n c e s i n the r e a l w o r l d . 
T h u s , the a d d i t i o n of the p h i l o s o p h y of e m p i r i c i s m to the p h i l o s o p h y of 
Q 
l o g i c a l r e a s o n i n g has r e s u l t e d in the p h i l o s o p h y of s c i e n c e . 
S c i e n t i f i c m e t h o d has s e v e r a l s t e p s , but i t s d i s t i n g u i s h i n g 
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c h a r a c t e r i s t i c i s o b s e r v a t i o n . N o s t u d y i s s c i e n t i f i c u n l e s s it i s b a s e d 
upon c a r e f u l l y o b s e r v e d data w h i c h a r e u s e d to e m p i r i c a l l y t e s t h y p o ­
t h e t i c a l p r o p o s i t i o n s . T h e s i x s t e p s of s c i e n t i f i c m e t h o d a r e a s f o l l o w s : 
1) T h e p r o b l e m u n d e r s t u d y and a l l w o r d s u s e d i n the s t u d y 
w h i c h do not have g e n e r a l l y a c c e p t e d m e a n i n g s a r e d e f i n e d ; a s s u m p t i o n s 
and c o n d i t i o n s u n d e r w h i c h the p r o b l e m i s s t u d i e d a r e m a d e e x p l i c i t . 
2) A l l k n o w l e d g e o n the s u b j e c t m a d e a v a i l a b l e by p r e v i o u s 
s t u d i e s i s a n a l y z e d a s the b a s i s for f o r m i n g a n h y p o t h e s i s ab ou t the 
p r o b l e m . 
3) T h e h y p o t h e s i s i s u s e d to p r e d i c t o c c u r r e n c e s . 
4 ) T h e h y p o t h e s i s i s e m p i r i c a l l y t e s t e d by o b s e r v i n g o c c u r ­
r e n c e s and c o m p a r i n g the a c t u a l o c c u r r e n c e s w i t h the p r e d i c t e d o n e s . 
5) R e s u l t s of t e s t i n g the h y p o t h e s i s a r e u s e d to r e v i s e i t i n a n 
e f f o r t to m a k e i t c o n s i s t e n t w i t h the a c t u a l o c c u r r e n c e s . 
6) M o r e t e s t s and r e v i s i o n s a r e r u n o n the h y p o t h e s i s unt i l a 
s a t i s f a c t o r y h y p o t h e s i s , w h i c h c a n be s u c c e s s f u l l y u s e d to p r e d i c t o c ­
c u r r e n c e s , i s d e v e l o p e d . 
A t the end of t h i s s i x - s t e p m e t h o d the h y p o t h e s i s , w h i c h to b e g i n 
w i t h w a s a t e n t a t i v e p r o p o s i t i o n to be p r o v e d o r d i s p r o v e d , e m e r g e s 
a s a t h e o r y that c a n be u s e d , f o r a l l p r a c t i c a l p u r p o s e s , a s a f a c t . 
T h e s c i e n t i f i c m e t h o d r e q u i r e s that w h o e v e r u s e s it m u s t be 
o b j e c t i v e i n s o far a s p o s s i b l e . T h e r e s u l t s of t e s t s m u s t be a r r i v e d 
at a c c o r d i n g to r u l e s w h i c h o t h e r s c i e n t i s t s c o u l d f o l l o w to a r r i v e at 
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the s a m e r e s u l t s . T h e s e r u l e s s h o u l d be m a d e e x p l i c i t s o that t h e r e i s 
no m y s t e r y about how the r e s u l t s w e r e a t t a i n e d . O n l y u n d e r t h i s c o n d i ­
t i o n of o b j e c t i v i t y c a n the m e a n i n g of the t e s t r e s u l t s and the v a l u e of 
the t h e o r y b a s e d o n t h e m be c l e a r . 
C o u p l e d w i t h the d e v e l o p m e n t of p r e c i s e m e a s u r i n g d e v i c e s , 
e q u i p m e n t w h i c h c a n be u s e d to c o n t r o l e x p e r i m e n t s , and m a t h e m a t i c s , 
the s c i e n t i f i c m e t h o d has b e e n u s e d to g r e a t a d v a n t a g e in the s t u d y of 
m a n y k i n d s of p h e n o m e n a . T h i s s t u d y w i l l s h o w how s o m e of the c o n ­
c e p t s u s e d i n s c i e n t i f i c i n v e s t i g a t i o n s c a n be u s e d to m a k e c i t y p l a n n i n g 
m o r e e f f e c t i v e than i t n o r m a l l y i s a t the p r e s e n t t i m e . The f i r s t s u c h 
c o n c e p t to be d i s c u s s e d i s that of s y s t e m s e n g i n e e r i n g . 
S y s t e m s e n g i n e e r i n g . - - S y s t e m s e n g i n e e r i n g i s one m e t h o d of s c i e n t i f i c 
i n v e s t i g a t i o n w h i c h h a s b e e n m e e t i n g w i t h s u c c e s s i n f ind ing n e w s o l u ­
t i o n s to the i n c r e a s i n g l y c o m p l e x p r o b l e m s of m o d e r n l i f e . O r i g i n a l l y 
d e v e l o p e d to handle m i l i t a r y p r o b l e m s of u n p r e c e d e n t e d c o m p l e x i t y , 
i t i s n o w b e c o m i n g i m p o r t a n t a l s o i n p e a c e - t i m e a p p l i c a t i o n s . 
S y s t e m s e n g i n e e r i n g i s m a i n l y c o n c e r n e d w i t h the d e s i g n of 
e q u i p m e n t s y s t e m s , but s o c i a l , b i o l o g i c a l , and e c o l o g i c a l s y s t e m s 
h a v e m a n y p o i n t s i n c o m m o n w i t h e q u i p m e n t s y s t e m s . ^ M a n y s y s ­
t e m s e n g i n e e r i n g t e c h n i q u e s m a y be a p p l i c a b l e to c i t y p l a n n i n g p r o b ­
l e m s i n the f u t u r e . 
In d e f i n i n g a s y s t e m the f i r s t i m p o r t a n t th ing to c o n s i d e r i s 
that t h e r e i s a l w a y s a s i n g l e n e s s of p u r p o s e w h i c h the s y s t e m w o r k s 
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to a c c o m p l i s h . F o r i n s t a n c e , a n a u t o m a t i c t r a f f i c s i g n a l s y s t e m w o u l d 
h a v e a s i t s s i n g l e p u r p o s e to e n a b l e t r a f f i c to m o v e q u i c k l y and e f f i ­
c i e n t l y t h r o u g h a c i t y o r p a r t of a c i t y . The c o m p o n e n t s of s u c h a s y s ­
t e m w o u l d be a s e n s i n g d e v i c e to r e c o r d the m o v e m e n t of t r a f f i c , a 
t r a n s m i t t i n g d e v i c e to r e l a y the r e c o r d of t r a f f i c m o v e m e n t , a c o m p u t ­
ing d e v i c e to p r o c e s s the t r a f f i c d a t a , a s e c o n d t r a n s m i t t i n g d e v i c e , 
and f i n a l l y the s i g n a l i t s e l f w h i c h c o n t r o l s the t r a f f i c . It w o u l d be the 
job of the s y s t e m s e n g i n e e r , not to d e s i g n e a c h of t h e s e d e v i c e s , but 
r a t h e r to w r i t e f u n c t i o n a l s p e c i f i c a t i o n s f o r t h e m s o that t h e y w i l l be 
d e s i g n e d i n s u c h a w a y that t h e y w i l l w o r k w e l l t o g e t h e r to a c c o m p l i s h 
the s i n g l e p u r p o s e w h e n the s y s t e m i s a s s e m b l e d . T h e s i m i l a r i t y to 
a c i t y p l a n n i n g job i s o b v i o u s . J u s t l i k e the s y s t e m s e n g i n e e r , the 
c i t y p l a n n e r s h o u l d no t be r e s p o n s i b l e for d e s i g n i n g e a c h r o a d o r i n t e r ­
s e c t i o n or p a r k ; r a t h e r it i s h i s job to w r i t e the f u n c t i o n a l s p e c i f i c a t i o n s 
for the p a r k s y s t e m o r the r o a d s y s t e m o r w h a t e v e r s y s t e m he i s w o r k ­
ing o n . The s y s t e m s e n g i n e e r and the p l a n n e r a r e s p e c i a l l y t r a i n e d to 
take the b r o a d v i e w of the s y s t e m a s a w h o l e . It i s i m p o s s i b l e for 
t h e m to l e a r n a l l that w o u l d be n e c e s s a r y to s e e the s y s t e m a s a w h o l e 
and s t i l l be a b l e to do a n e x p e r t job of d e s i g n i n g a l l the c o m p o n e n t s of 
the s y s t e m . ^ 
O n e e x a m p l e of a s y s t e m w i t h w h i c h a l l c i t y p l a n n e r s a r e c o n ­
c e r n e d i s the l a n d u s e c o n t r o l s y s t e m . C i t y p l a n n e r s h a v e a s y s t e m s 
e n g i n e e r i n g r e s p o n s i b i l i t y for the l a n d u s e c o n t r o l s y s t e m j u s t a s 
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i n d u s t r i a l e n g i n e e r s h a v e the s y s t e m s e n g i n e e r i n g r e s p o n s i b i l i t y for a 
c o m m u n i c a t i o n s s y s t e m , a w e a p o n s s y s t e m , o r s o m e o t h e r s y s t e m . 
A f e w of the w e l l k n o w n c o m p o n e n t s of a l a n d u s e c o n t r o l s y s t e m a r e 
z o n i n g , s u b d i v i s i o n r e g u l a t i o n s , o f f i c i a l m a p s , p u b l i c a c q u i s i t i o n of 
l a n d , and tax p o l i c i e s . P l a n n e r s have a t e n d e n c y not to t r e a t t h e s e 
c o m p o n e n t s a s p a r t s of a s y s t e m . T h e y a r e m o r e l i k e l y to t r e a t t h e m 
a s i n d e p e n d e n t t o o l s . C o n s e q u e n t l y , z o n i n g , s u b d i v i s i o n r e g u l a t i o n s , 
and the o t h e r c o m p o n e n t s a r e not a l w a y s m a d e to w o r k t o g e t h e r f o r 
c o m m o n p u r p o s e s . W h e n a p l a n n e r w o r k s to i m p r o v e a z o n i n g o r d i n a n c e 
and m a p w i t h o u t r e f e r e n c e to the o t h e r l a n d u s e c o n t r o l s , he i s d o i n g 
w h a t a s y s t e m s e n g i n e e r w o u l d c a l l " s u b o p t i m i z a t i o n . 1 1 S u b o p t i m i z a -
t i o n i s not the job of a s y s t e m s e n g i n e e r . I n s t e a d , h i s j o b i s to o p t i ­
m i z e the w h o l e s y s t e m . A s a m a t t e r of f a c t s u b o p t i m i z a t i o n , w i t h o u t 
r e g a r d f o r the l i m i t s s e t by o p t i m i z a t i o n p r o c e d u r e s , m a y r u i n the 
c h a n c e s for o p t i m i z a t i o n b e c a u s e the t w o m a y be i n c o m p a t i b l e , The 
c i t y p l a n n e r w h o w o r k s o n a z o n i n g p l a n w i t h o u t a l w a y s b e i n g m i n d f u l 
of the o t h e r l a n d u s e c o n t r o l s c o u l d v e r y w e l l be d a m a g i n g the o v e r a l l 
l a n d u s e c o n t r o l s y s t e m . ^ 
T h e t e a m a p p r o a c h i s the o b v i o u s m e t h o d of a t t a c k f o r a s y s ­
t e m s e n g i n e e r i n g p r o b l e m . T h e s y s t e m s e n g i n e e r d i r e c t s the t e a m s o 
that t h e y w o r k w i t h the s i n g l e p u r p o s e of the s y s t e m i n m i n d . C i t y p l a n ­
n e r s m i g h t v e r y w e l l b e n e f i t by s t u d y i n g the m e t h o d s of s y s t e m s e n g i ­
n e e r i n g a n d a p p l y i n g the s y s t e m e n g i n e e r ' s a p p r o a c h to t h e i r s y s t e m 
d e s i g n p r o b l e m s . 
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O p e r a t i o n s r e s e a r c h . - - A n o t h e r n e w a p p r o a c h to i n c r e a s i n g l y c o m p l e x , 
m o d e r n p r o b l e m s i s o p e r a t i o n s r e s e a r c h . O p e r a t i o n s r e s e a r c h has b e e n 
d e f i n e d m a n y w a y s , but e s s e n t i a l l y i t i s the a p p l i c a t i o n of s c i e n t i f i c 
m e t h o d s and t e c h n i q u e s p l u s the t e a m a p p r o a c h to o p e r a t i o n a l p r o b l e m s . 
O p e r a t i o n a l p r o b l e m s a r e d i f f i c u l t i e s a r i s i n g f r o m a c e r t a i n w a y of d o i n g 
a job or a c e r t a i n w a y of u s i n g a p i e c e of e q u i p m e n t . I m p l i e d i n the 
t e r m " o p e r a t i o n s r e s e a r c h " i s the e x i s t e n c e of a n o p e r a t i o n . T h o u g h 
s u c h a n i m p l i c a t i o n m a y have b e e n c o r r e c t w h e n o p e r a t i o n s r e s e a r c h 
f i r s t b e g a n to be u s e d , i t i s no l o n g e r s t r i c t l y c o r r e c t . T h e f i n d i n g s of 
o p e r a t i o n s r e s e a r c h a r e not l i m i t e d to s u g g e s t i n g b e t t e r o p e r a t i n g p r o ­
c e d u r e s u s i n g e x i s t i n g e q u i p m e n t or s y s t e m s . O p e r a t i o n s r e s e a r c h 
s t u d i e s s o m e t i m e s l e a d to p r o p o s a l s f o r n e w e q u i p m e n t and s y s t e m s 
to be d e s i g n e d . A l s o , t o a v o i d the l i m i t a t i o n of s t u d y i n g e x i s t i n g o p e r a ­
t i o n s , m a t h e m a t i c a l s i m u l a t i o n h a s b e e n t a k e n o v e r a s a v e r y i m p o r ­
tant p a r t of o p e r a t i o n s r e s e a r c h m e t h o d s . U s i n g the s i m u l a t i o n t e c h ­
n i q u e s , o p e r a t i o n s r e s e a r c h w o r k e r s a r e a b l e to t e s t h y p o t h e t i c a l o p e r ­
a t i o n s t h o r o u g h l y b e f o r e t h e y a r e a c t u a l l y e s t a b l i s h e d i n u s e . 
O p e r a t i o n s r e s e a r c h w a s d e v e l o p e d d u r i n g the S e c o n d W o r l d W a r 
b y the U n i t e d S t a t e s and G r e a t B r i t i a n for the e x p r e s s p u r p o s e of a i d ­
ing m i l i t a r y d e c i s i o n m a k i n g . I t s r e c o r d d u r i n g the w a r w a s h i g h l y 
d i s t i n g u i s h e d , and t h e r e b y e s t a b l i s h e d o p e r a t i o n s r e s e a r c h a s a n e w 
p r o f e s s i o n w i t h s o m e t h i n g u n i q u e to o f f e r . T h e a d v i s o r y p o s i t i o n e n ­
j o y e d b y o p e r a t i o n s r e s e a r c h l e a d s to the f o l l o w i n g w e l l k n o w n d e f i n i t i o n 
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of o p e r a t i o n s r e s e a r c h . " O p e r a t i o n s r e s e a r c h i s a s c i e n t i f i c m e t h o d of 
p r o v i d i n g e x e c u t i v e d e p a r t m e n t s w i t h a q u a n t i t a t i v e b a s i s for d e c i s i o n s 
r e g a r d i n g the o p e r a t i o n s u n d e r t h e i r c o n t r o l . " a N o t i c e the s i m i l a r i t y 
of t h i s d e f i n i t i o n of o p e r a t i o n s r e s e a r c h w i t h the d e f i n i t i o n of c i t y p l a n ­
ning a l r e a d y g i v e n ! 
A n o t h e r m o r e r e c e n t d e f i n i t i o n i s s i m i l a r but a d d s the p o i n t 
that "The c o n c e r n of OR wi th f ind ing a n o p t i m u m d e c i s i o n , p o l i c y , o r 
d e s i g n i s o n e of i t s e s s e n t i a l c h a r a c t e r i s t i c s . . . i t s e e k s the b e s t 
13 
s o l u t i o n - " O p e r a t i o n s r e s e a r c h t a k e s the s y s t e m s a p p r o a c h and " i s 
14 
c o n c e r n e d w i t h a s m u c h of the w h o l e s y s t e m a s i t c a n e n c o m p a s s . " 
B u t that d o e s not n e c e s s a r i l y m e a n it s t a r t s w i t h a n a l y s i s of the s y s t e m 
a s a w h o l e . " M o s t OR p r o b l e m s b e g i n w i t h f a m i l i a r p r o b l e m s of r e -
1 5 
s t r i c t e d s c o p e , " a n d t h e n b r o a d e n the s c o p e a s m u c h a s c i r c u m ­
s t a n c e s p e r m i t . A s t h i s p r o c e s s t a k e s p l a c e , the s o l u t i o n of e a c h 
p r o b l e m u n c o v e r s n e w p r o b l e m s . " C o n s e q u e n t l y , OR i s not e f f e c t i v e l y 
u s e d if it i s r e s t r i c t e d to o n e - s h o t p r o j e c t s . G r e a t e s t b e n e f i t s c a n be 
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o b t a i n e d t h r o u g h c o n t i n u i t y of r e s e a r c h . " 
O p e r a t i o n s r e s e a r c h i s a n a p p l i e d s c i e n c e . It u s e s a l l k n o w n 
s c i e n t i f i c t e c h n i q u e s a s t o o l s i n s o l v i n g a s p e c i f i c p r o b l e m . One 
m a j o r c o n t e n t i o n of t h i s t h e s i s i s that c i t y p l a n n i n g i s to a l a r g e e x t e n t 
o p e r a t i o n s r e s e a r c h . It i s a n a p p l i e d s c i e n c e w h i c h s h o u l d u s e e v e r y 
a p p l i c a b l e s c i e n t i f i c t e c h n i q u e at i t s d i s p o s a l . C i t y p l a n n i n g s h o u l d 
m a k e u s e of the m o s t r e c e n t d i s c o v e r i e s in a n y f i e l d of s t u d y w h e n e v e r 
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t h e y a r e a p p l i c a b l e i n a n y w a y . T h i s i s to s a y that if c i t y p l a n n i n g h o p e s 
to k e e p up w i t h the t r e m e n d o u s g r o w t h of c o m p l e x i t y of p r o b l e m s and 
t e c h n o l o g i c a l c h a n g e , it m u s t a v a i l i t s e l f of a m u l t i p l y i n g t e c h n o l o g y of 
i t s o w n b a s e d o n the a d v a n c e of a l l s c i e n c e s . 
O p e r a t i o n s r e s e a r c h e m p h a s i z e s q u a n t i f i c a t i o n of f a c t o r s in the 
p r o c e s s of d e c i s i o n m a k i n g . T h o s e f a c t o r s w h i c h c a n n o t be q u a n t i f i e d 
a r e not s t r e s s e d . M a n a g e m e n t i s a l w a y s l e f t w i t h the u l t i m a t e r e s p o n ­
s i b i l i t y f o r m a k i n g the f ina l d e c i s i o n b a s e d o n s u b j e c t i v e j u d g m e n t s in 
a d d i t i o n to f a c t s p r e s e n t e d by o p e r a t i o n s r e s e a r c h s t u d i e s . 
O p e r a t i o n s r e s e a r c h h a s d r a w n m o s t of i t s w o r k e r s f r o m the 
b a s i c s c i e n c e s ( i . e . , p h y s i c s a s o p p o s e d to e n g i n e e r i n g , b i o l o g y a s 
o p p o s e d to m e d i c i n e , s o c i o l o g y a s o p p o s e d to p u b l i c a d m i n i s t r a t i o n , 
e t c . ). T h u s , a r e a l e m p h a s i s on r e s e a r c h h a s b e e n a t t a c h e d to o p e r a ­
t i o n s r e s e a r c h s t u d i e s . The p r o d u c t of a n o p e r a t i o n s r e s e a r c h t e a m i s 
a r e s e a r c h r e p o r t . One of the m o s t e x p e r i e n c e d o p e r a t i o n s r e s e a r c h e r s 
i n the U n i t e d S t a t e s l i s t s a s "the i m p o r t a n t c h a r a c t e r i s t i c s of o p e r a t i o n s 
r e s e a r c h " the f o l l o w i n g : 
R e s e a r c h o n the o p e r a t i o n s of the w h o l e o r g a n i z a t i o n ; 
O p t i m i z a t i o n of o p e r a t i o n s i n a m a n n e r that b r i n g s a b o u t 
g r e a t e r a s s u r a n c e of both s h o r t and l o n g r a n g e h e a l t h 
for the o r g a n i z a t i o n ; 
A p p l i c a t i o n of the n e w e s t s c i e n t i f i c m e t h o d s and t e c h ­
n i q u e s ; 
S y n t h e s i s and e x t e n s i o n of the m e t h o d s and t e c h n i q u e s 
of the o l d e r m a n a g e m e n t s c i e n c e s ; 
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D e v e l o p m e n t and u s e of a n a l y t i c a l m o d e l s i n the m a n n e r 
c o m m o n to the b a s i c s c i e n c e s ; 
D e s i g n and u s e of e x p e r i m e n t a l o p e r a t i o n s that g i v e a n 
i n s i g h t in to the b e h a v i o r of a c t u a l o p e r a t i o n s ; 
U s e of i n t e g r a t e d and c r e a t i v e m u l t i - d i s c i p l i n a r y t e a m 
r e s e a r c h to s o l v e c o m p l e x o p e r a t i o n a l p r o b l e m s . ^ 
It i s not the p u r p o s e h e r e to g i v e a l e n g t h y a c c o u n t of the s u c c e s s 
of o p e r a t i o n s r e s e a r c h . T h a t h a s a l r e a d y b e e n s u p e r b l y d o n e e l s e w h e r e 
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by p e o p l e m u c h b e t t e r q u a l i f i e d than t h i s w r i t e r . But e v e n s o , i t i s 
a p p r o p r i a t e to g i v e a s h o r t a c c o u n t . The a c c o u n t i l l u s t r a t e s the p o i n t 
that a s o p e r a t i o n s r e s e a r c h h a s d e v e l o p e d it h a s b e c o m e c a p a b l e of s o l v ­
ing i n c r e a s i n g l y c o m p l e x p r o b l e m s . 
D u r i n g the w a r , o p e r a t i o n s r e s e a r c h d e v e l o p e d f r o m the p o i n t of 
c o n s i d e r i n g w e a p o n s p r o b l e m s to the p o i n t of c o n s i d e r i n g b r o a d e r t a c t i ­
c a l q u e s t i o n s a n d f i n a l l y to the p o i n t of t a c k l i n g c o m p l e x s t r a t e g i c p r o b ­
l e m s . One i n t e r e s t i n g w e a p o n s p r o b l e m w a s that of i n c r e a s i n g the p e r ­
c e n t a g e of s u b m a r i n e s i n k i n g s r e s u l t i n g f r o m a i r a t t a c k s . A f t e r s t u d y 
of m a n y a t t a c k s , a s o l u t i o n w a s found w h i c h i n c r e a s e d the n u m b e r of 
s i n k i n g s b e t w e e n 4 0 0 and 7 0 0 p e r c e n t w i t h o u t the u s e of a n y n e w e q u i p ­
m e n t . In a d d i t i o n the s t u d y r e v e a l e d that a s l i g h t c h a n g e in the d e s i g n 
of d e p t h c h a r g e t r i g g e r s w o u l d f u r t h e r i m p r o v e the e f f e c t i v e n e s s of the 
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a i r a t t a c k s . 7 
N u m e r o u s t a c t i c a l p r o b l e m s w e r e s o l v e d . L o s s e s of s h i p s i n 
2 0 
c o n v o y s w e r e s u b s t a n t i a l l y r e d u c e d and b o m b i n g r a i d s w e r e g i v e n 
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s u r p r i s i n g e f f e c t i v e n e s s . A n e w m i n e l a y i n g t a c t i c w a s d e v e l o p e d 
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w h i c h e n a b l e d l e s s than s i x p e r c e n t of the X X I B o m b e r C o m m a n d ' s 
e f f o r t , w h i c h w a s d e v o t e d to the n e w t a c t i c , to do a s m u c h d a m a g e to 
the e n e m y a s the r e m a i n i n g 9 4 p e r c e n t e f f o r t c o n c e n t r a t e d o n c o n v e n -
22 
t i o n a l o p e r a t i o n s w a s a b l e to d o . A n o t h e r t a c t i c a l p r o b l e m w a s p r e -
s e n t e d by the J a p a n e s e k a m i k a z e a t t a c k s . In t h i s c a s e o p e r a t i o n s 
r e s e a r c h e r s w o r k e d out a s o l u t i o n w h i c h s a v e d f r o m d a m a g e half of the 
23 
s h i p s w h i c h w o u l d h a v e o t h e r w i s e b e e n h i t . 
S t r a t e g i c p r o b l e m s a r e l i k e l y to c u t a c r o s s a l a r g e r n u m b e r of 
s c i e n t i f i c d i s c i p l i n e s than a r e the w e a p o n s and t a c t i c a l p r o b l e m s . It 
i s p r i m a r i l y a s a r e s u l t of t a c k l i n g s o m e of t h e s e b r o a d p r o b l e m s that 
o p e r a t i o n s r e s e a r c h t e a m s h a v e c o m e to i n c l u d e s o c i a l s c i e n t i s t s a s 
e q u a l p a r t n e r s . P o s t w a r m i l i t a r y o p e r a t i o n s r e s e a r c h i n the U n i t e d 
S t a t e s has n a t u r a l l y b e e n a s k e d to a s s e s s R u s s i a n c a p a b i l i t i e s . "One 
r e s u l t of t h i s type of r e s e a r c h has b e e n c o d i f i c a t i o n of t h o s e p r i n c i p l e s 
of a c t i o n w h i c h a p p e a r to u n d e r l i e the P o l i t b u r o ' s c a l c u l a t i o n s ; s u c h 
c o d i f i c a t i o n i s now a v a i l a b l e a s o n e f a c t o r to be c o n s i d e r e d i n m a k i n g 
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a n a l y t i c a l p r e d i c t i o n s of R u s s i a ' s f u t u r e a c t i o n s . " A n o t h e r s t r a t e g i c 
q u e s t i o n g i v e n to o p e r a t i o n s r e s e a r c h e r s w a s w h e t h e r the A r m y s h o u l d 
r e c o m m e n d e c o n o m i c and m i l i t a r y a i d to W e s t e r n E u r o p e . T h e r e ­
s u l t i n g r e p o r t f o r m e d the b a s i s f o r the A r m y ' s r e c o m m e n d a t i o n s c o n -
c e r n i n g t h i s p r o b l e m . 
N o n - m i l i t a r y a p p l i c a t i o n s of o p e r a t i o n s r e s e a r c h h a v e b e e n 
e v i d e n t m a i n l y i n i n d u s t r y , but t h e r e i s o n e e x a m p l e of o p e r a t i o n s 
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r e s e a r c h i n n a t i o n a l p l a n n i n g . U n d e r the g u i d a n c e of a n o p e r a t i o n s 
r e s e a r c h c o n s u l t a n t , P u e r t o R i c o has b e e n t r a n s f o r m e d " f r o m a n i m ­
p o v e r i s h e d a g r i c u l t u r a l i s l a n d to a t h r i v i n g , s e m i - i n d u s t r i a l i z e d c o m ­
m u n i t y w i t h a s t a n d a r d of l i v i n g w h i c h c o m p a r e s f a v o r a b l y w i t h that of 
o t h e r L a t i n A m e r i c a n c o u n t r i e s . " ^ 
A s s u g g e s t e d i n one of the f i r s t b o o k s w r i t t e n o n the s u b j e c t of 
o p e r a t i o n s r e s e a r c h , c i t y p l a n n i n g c a n b e n e f i t f r o m the u s e of o p e r a t i o n s 
r e s e a r c h . T o p a r a p h r a s e the a u t h o r s , i n i t i a l o p p o s i t i o n c a n be e x p e c t e d 
f r o m g o v e r n m e n t a l a d m i n i s t r a t o r s , but o n c e t h i s i s o v e r c o m e t h e r e i s 
no r e a s o n w h y o p e r a t i o n s r e s e a r c h s h o u l d not be a s f r u i t f u l in a i d i n g 
the s o l u t i o n of g o v e r n m e n t a l p r o b l e m s a s i t w a s in h e l p i n g to s o l v e m i l i ­
t a r y p r o b l e m s . Of c o u r s e , s o m e o p e r a t i o n s w i l l be m o r e f r u i t f u l of 
r e s u l t s than o t h e r s . T r a f f i c p r o b l e m s , f o r i n s t a n c e , a r e h i g h l y a m e n ­
a b l e , for da ta a r e e a s y to o b t a i n , a n d c h a n g e s i n c o n d i t i o n s (if not t o o 
d r a s t i c ) c a n be p r o d u c e d to s t u d y the e f f e c t s . On the o t h e r h a n d , the 
d e s i g n of c i t y h o u s i n g and m u n i c i p a l f a c i l i t i e s r e q u i r e s da ta that a r e 
d i f f i c u l t to o b t a i n , the s o l u t i o n i s s t r o n g l y d e p e n d e n t o n i n d i v i d u a l c i r ­
c u m s t a n c e s , and o p e r a t i o n a l e x p e r i m e n t s a r e d i f f i c u l t if not i m p o s s i b l e . 
N e v e r t h e l e s s , the f i e l d of h o u s i n g a n d c i t y p l a n n i n g i s a n e x t r e m e l y 
i m p o r t a n t one and o p e r a t i o n s r e s e a r c h i n t h i s f i e l d c o u l d be s t a r t e d 
w h e n e v e r a n a d e q u a t e a d m i n i s t r a t i v e a u t h o r i t y i s s e t up to w h o m the 
s c i e n t i s t c o u l d r e p o r t and w h i c h c o u l d i n s u r e that r e s e a r c h i s m o r e 
than i d l e a c a d e m i c e x e r c i s e . 27 
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One of the m o s t r e c e n t and a u t h o r i t a t i v e t e x t b o o k s i n the f i e l d 
of o p e r a t i o n s r e s e a r c h m a k e s the f o l l o w i n g s t a t e m e n t in the c o u r s e of 
s u m m a r i z i n g the a p p l i c a b i l i t y of o p e r a t i o n s r e s e a r c h to v a r i o u s t y p e s 
of p r o b l e m s . "We a l s o r e a l i z e that i t ^ o p e r a t i o n s r e s e a r c h j / h a s a n 
e n o r m o u s p o t e n t i a l a p p l i c a t i o n to c o m m u n i t y p r o b l e m s a s i s e v i d e n c e d 
b y C h a p t e r 1 5 £ j r a f f i c D e l a y s at T o l l Booths_7. . . . We f e e l that the 
f u t u r e d e v e l o p m e n t of O p e r a t i o n s R e s e a r c h s h o u l d o c c u r i n a l l a r e a s of 
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a d m i n i s t r a t i o n . " 
A t r e n d i n c i t y p l a n n i n g . - - R e c e n t l y c i t y p l a n n e r s h a v e b e e n th inking i n 
t e r m s of s o m e of the s a m e s c i e n t i f i c c o n c e p t s u s e d i n o p e r a t i o n s r e s e a r c h . 
In 1 9 5 4 , R i c h a r d N e u t r a a r g u e d for the t e a m a p p r o a c h i n p l a n n i n g and e v e n 
w e n t s o f a r a s to s a y that " T h i s £ m i x e d t e a m of t e c h n i c a l s p e c i a l i s t s 
d o i n g c i t y planningJI/might be b e n e f i c i a l l y c h a i r e d by a n e x p e r t i n a p p l i e d 
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b i o l o g y . " 7 
A y e a r a g o , M e l v i l l e C . B r a n c h , J r . s k e t c h e d the s t a t u s of c i t y 
p l a n n i n g and o p e r a t i o n s r e s e a r c h , i n d i c a t i n g that the two p r o f e s s i o n s 
a r e g r o w i n g c l o s e r t o g e t h e r . He c o n c l u d e d h i s a r t i c l e by s t a t i n g "It 
s h o u l d be p o s s i b l e to i n t e r c o m m u n i c a t e the s t a t e of the a r t in e a c h a p ­
p r o a c h , . . . e x a m i n e t h e i r i n t e r r e l a t i o n , and d e t e r m i n e w h a t f u r t h e r 
s t u d y and t y p e s of c o o r d i n a t i o n w i l l a d v a n c e the k n o w l e d g e and t e c h n i q u e 
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of c o m p r e h e n s i v e p l a n n i n g . " 
T h i s y e a r one of the p o l i c y c o m m i t t e e s of the A m e r i c a n I n s t i t u t e 
of P l a n n e r s l i s t s a s a g o a l to be s o u g h t the m o r e e f f e c t i v e u s e of s c i e n -t i f i c t e c h n i q u e s by c i t y p l a n n e r s . 
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P e r h a p s the i n f l u e n c e that s c i e n t i f i c a d v a n c e m e n t h a s had o n 
p l a n n e r s c a n b e s t be s e e n in a 1956 s p e e c h by M a r t i n M e y e r s o n i n 
w h i c h he u s e s the n e w i d e a s of c o n t i n u o u s i n f o r m a t i o n f l ow and f e e d -
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b a c k . M e y e r s o n f e l t that c i t y p l a n n e r s w e r e e i t h e r b o g g e d d o w n i n 
p e t t y d e t a i l o r c a u g h t up in m a k i n g l o n g - r a n g e p l a n s w h i c h had l i t t l e 
c h a n c e of b e i n g r e a l i z e d b e c a u s e t h e y f a i l e d to s h o w s p e c i f i c s t e p s to 
be t a k e n i n the p r e s e n t . T o c o r r e c t t h e s e s h o r t c o m i n g s , M e y e r s o n 
p r o p o s e d w h a t he c a l l e d the m i d d l e - r a n g e b r i d g e f o r c o m p r e h e n s i v e 
p l a n n i n g . T h i s p r o p o s a l w a s n o t t o be s u b s t i t u t e d for l o n g - r a n g e 
p l a n n i n g ; it w a s to s u p p l e m e n t i t . T h e p u r p o s e of the p r o p o s a l w a s t o 
i n t r o d u c e a m e t h o d f o r p r o d u c i n g s h o r t - r a n g e p l a n s ( for t e n y e a r p e r i o d s 
o r l e s s ) w h i c h w o u l d s o l v e c u r r e n t p r o b l e m s in a c c o r d a n c e w i t h the 
l o n g - r a n g e p l a n s . T h e s h o r t - r a n g e p l a n s w o u l d have i m m e d i a t e e f f e c t 
and w o u l d be c o n s t a n t l y r e v i s e d to m e e t c h a n g i n g n e e d s . 
M e y e r s o n o u t l i n e d f i v e f u n c t i o n s of the p l a n n i n g a g e n c y w h i c h 
a r e n e c e s s a r y i n the p r o c e s s of p r o d u c i n g the s h o r t - r a n g e p l a n s he 
e n v i s a g e s . T h e f i v e f u n c t i o n s a r e a s f o l l o w s . 
1. C e n t r a l I n t e l l i g e n c e F u n c t i o n 
( a n a l y s i s of r e l a t i o n s h i p s and v a l u e s ) 
2 . P u l s e - T a k i n g F u n c t i o n 
( p e r i o d i c a l e r t to d a n g e r s i g n s ) 
3 . P o l i c y C l a r i f i c a t i o n F u n c t i o n 
( r e g u l a r r e v i s i o n of d e v e l o p m e n t o b j e c t i v e s ) 
4 . D e t a i l e d D e v e l o p m e n t P l a n F u n c t i o n 
( s p e c i f i c p r o j e c t s f u r t h e r i n g the l o n g - r a n g e p l a n ) 
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5. F e e d b a c k R e v i e w F u n c t i o n 
( a n a l y z e c o n s e q u e n c e s of p a s t a s g u i d e to f u t u r e ) 
A s w i l l b e c o m e a p p a r e n t l a t e r , the f i v e p l a n n i n g f u n c t i o n s h a v e 
a s t r i k i n g s i m i l a r i t y to a t h e o r e t i c a l m o d e l f o r d e c i s i o n m a k i n g . T h e 
a t t e m p t of t h i s t h e s i s to i n d i c a t e the a p p l i c a t i o n to c i t y p l a n n i n g of s e ­
l e c t e d s c i e n t i f i c c o n c e p t s a s t e c h n i q u e s i s o r g a n i z e d a r o u n d the f i v e 
p l a n n i n g f u n c t i o n s in the hope that t h i s o r g a n i z a t i o n w i l l add m e a n i n g 
for c i t y p l a n n e r s . 
C H A P T E R II 
I N V E N T O R Y A N D A N A L Y S I S O F A C I T Y ' S R E S O U R C E S 
T h e f i r s t of M e y e r s o n ' s c o m m u n i t y p l a n n i n g f u n c t i o n s i s c a l l e d 
the c e n t r a l i n t e l l i g e n c e f u n c t i o n . A s M e y e r s o n d e s c r i b e s i t , t h i s 
f u n c t i o n i s m a r k e t o r i e n t e d . T h a t i s , i n c a r r y i n g out the c e n t r a l i n t e l ­
l i g e n c e f u n c t i o n the p l a n n e r ' s job i s to s e e k a n u n d e r s t a n d i n g of the 
v a r i o u s m a r k e t s i n the c o m m u n i t y ; h o u s i n g m a r k e t s , i n d u s t r i a l m a r k e t s , 
r e a l e s t a t e m a r k e t s , and c o n s u m e r m a r k e t s , a m o n g o t h e r s ; f o r i t i s the 
m a r k e t p r o c e s s e s w h i c h a r e of p r i m a r y i m p o r t a n c e a s a m e t h o d of a l l o ­
c a t i n g r e s o u r c e s i n the U n i t e d S t a t e s . T h e m a r k e t p r o c e s s M e y e r s o n i s 
s p e a k i n g of i s the b r i n g i n g t o g e t h e r of p r o d u c e r and c o n s u m e r , s u p p l y 
and d e m a n d . M e y e r s o n g o e s o n to s a y that by c a r r y i n g out the c e n t r a l 
i n t e l l i g e n c e f u n c t i o n p l a n n e r s s h o u l d be p r e p a r i n g to d e v e l o p p u b l i c 
p o l i c i e s to i m p r o v e the o p e r a t i o n of c o m m u n i t y m a r k e t s by k e e p i n g 
p e r p e t u a l i n v e n t o r i e s of m a r k e t c h a r a c t e r i s t i c s . S u m m i n g up the p r o ­
p o s a l , it i s the p u r p o s e of "a c e n t r a l i n t e l l i g e n c e f u n c t i o n to f a c i l i t a t e 
m a r k e t o p e r a t i o n s for h o u s i n g , c o m m e r c e , i n d u s t r y and o t h e r c o m m u ­
n i t y a c t i v i t i e s t h r o u g h the r e g u l a r i s s u a n c e of m a r k e t a n a l y s e s . 
W h a t M e y e r s o n i s s a y i n g , t h e n , i s that c i t y p l a n n e r s s h o u l d s e e k to 
k n o w the r e s o u r c e s of t h e i r c o m m u n i t i e s and the m a r k e t r e l a t i o n s h i p s 
w h i c h d i s t r i b u t e the r e s o u r c e s . T h i s s t u d y a s s u m e s a b r o a d v i e w of 
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the t e r m s " r e s o u r c e s " and " m a r k e t s . " Not o n l y a r e n a t u r a l r e s o u r c e s 
and the e c o n o m i c s of t h e i r d i s t r i b u t i o n r e f e r r e d t o , but a l s o r e f e r r e d to 
a r e s o c i a l r e s o u r c e s and the d i s t r i b u t i o n of t h e m . 
W h i l e the c e n t r a l i n t e l l i g e n c e f u n c t i o n i s not l i m i t e d to s t a t i s t i c a l 
a n a l y s i s , s t a t i s t i c s p l a y s the m o s t i m p o r t a n t s i n g l e p a r t in the p l a n n e r ' s 
job of r e s o u r c e and m a r k e t s t u d y . T h i s c h a p t e r i s c o n c e r n e d w i t h b a s i c 
s t u d i e s of r e s o u r c e s , m a r k e t a n a l y s i s s t u d i e s , m e t h o d s of p r e s e n t i n g 
the f i n d i n g s of t h e s e s t u d i e s , and the i d e a of s u p p l e m e n t i n g s t a t i s t i c a l 
s t u d i e s w i t h c a s e s t u d i e s . T h e n to u n i f y the c h a p t e r i t i s s u m m a r i z e d 
by a n o l o g y to a t y p i c a l d a t a p r o c e s s i n g s y s t e m u s i n g e l e c t r o n i c c o m ­
p u t e r s . 
I n f o r m a t i o n i s the b a s i s f o r a l l p l a n n i n g . G o o d p l a n s a r e b a s e d 
o n huge q u a n t i t i e s of p e r t i n e n t , u p - t o - d a t e d a t a . A t e v e r y s t a g e of the 
p l a n n i n g p r o c e s s f r o m the e a r l i e s t i n v e s t i g a t i o n s to the f ina l r e a p p r a i ­
s a l , g a t h e r i n g of da ta i s the k e y to s u c c e s s . T h u s , i n f o r m a t i o n g a t h e r ­
ing a n d p r o c e s s i n g i s c e n t r a l to t h i s c h a p t e r a s i t i s to e v e r y o t h e r 
c h a p t e r i n the t h e s i s . 
In g e t t i n g to k n o w the r e s o u r c e s of a n a r e a , t h e r e a r e four i m ­
p o r t a n t p o i n t s to c o n s i d e r . F i r s t , w h a t k i n d s of b a s i c s t u d i e s n e e d to 
be u n d e r t a k e n and w h a t i s the b e s t w a y to u n d e r t a k e t h e m ? T h e n , 
a s s u m i n g the n e c e s s a r y data h a v e b e e n g a t h e r e d , w h a t a r e the r e l a t i o n ­
s h i p s w h i c h c a n be found b e t w e e n f a c t s u n c o v e r e d i n the b a s i c s t u d i e s ? 
T h i r d , how c a n the f a c t s and r e l a t i o n s h i p s be p r e s e n t e d s o that t h e y 
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a r e m o s t m e a n i n g f u l to t h o s e w h o h a v e to u s e t h e m ? A n d fourth , how 
c a n w e a k n e s s e s in the s t a t i s t i c s and g e n e r a l i z a t i o n s be o v e r c o m e ? It 
i s w i t h t h e s e four q u e s t i o n s that t h i s c h a p t e r w i l l be c o n c e r n e d . 
B a s i c S t u d i e s (the I n v e n t o r y F u n c t i o n ) 
T h e t w o - p r o n g e d q u e s t i o n w h i c h i n t r o d u c e s t h i s s e c t i o n i s , 
What k i n d s of b a s i c s t u d i e s n e e d to be u n d e r t a k e n and w h a t i s the b e s t 
w a y to u n d e r t a k e t h e m ? T o a n s w e r the f i r s t p a r t f i r s t , i t s h o u l d be 
s a i d that m o d e r n c i t y p l a n n i n g l i t e r a t u r e i s u n a n i m o u s in r e c o g n i z i n g 
the n e e d for b a s i c s t u d i e s w h i c h i n c l u d e i n v e s t i g a t i o n s of s o c i a l , e c o ­
n o m i c , a n d p o l i t i c a l c h a r a c t e r i s t i c s of u r b a n a r e a s a s w e l l a s the m o r e 
s t a n d a r d p h y s i c a l s t u d i e s of l a n d u s e , n a t u r a l r e s o u r c e s , and s o o n . 
P r o b a b l y the m o s t c o m p l e t e s t u d y e v e r u n d e r t a k e n f o r a n u r b a n 
a r e a i s the R e g i o n a l S u r v e y of N e w Y o r k and Its E n v i r o n s . It i n c l u d e d 
d e t a i l e d s t u d i e s of: 
the i m p o r t a n t i n d u s t r i e s 
w h o l e s a l e m a r k e t s 
r e t a i l s h o p p i n g d i s t r i c t s 
f i n a n c i a l d i s t r i c t s 
p o p u l a t i o n 
l a n d v a l u e s 
g o v e r n m e n t 
h i g h w a y t r a f f i c 
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t r a n s i t and t r a n s p o r t a t i o n 
p u b l i c r e c r e a t i o n 
b u i l d i n g s : t h e i r u s e s and the s p a c e s 
a r o u n d t h e m 
p h y s i c a l c o n d i t i o n s : s u c h a s g e o g r a p h y , c l i m a t e , 
w a t e r , s a n i t a t i o n , r e f u s e d i s p o s a l , a n d p o l l u t i o n , 
p o w e r , h e a t and l i g h t 
p u b l i c s e r v i c e s . 
T h e R e g i o n a l S u r v e y d i d not s l i g h t p h y s i c a l o r e c o n o m i c a s p e c t s 
of N e w Y o r k ' s m a n y p r o b l e m s , but i t g a v e u n p r e c e d e n t e d e m p h a s i s to 
s o c i a l f a c t o r s . One e s p e c i a l l y o u t s t a n d i n g e x a m p l e of e m p h a s i s o n 
s o c i a l f a c t o r s i s i n C h a p t e r XII of the p u b l i c r e c r e a t i o n s t u d y e n t i t l e d 
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" C h i l d r e n ' s P l a y in T w e l v e C o n g e s t e d D i s t r i c t s . " C h i l d r e n w e r e 
o b s e r v e d a s t h e y p l a y e d o n the p l a y g r o u n d s and o v e r f l o w e d in to the 
s t r e e t s and a l l e y s . It w a s n o t e d w h e r e c h i l d r e n c a m e f r o m to e a c h of 
the p a r k s or p l a y g r o u n d s . F r o m t h e s e and o t h e r f a c t o r s a p e r c e n t a g e 
of a d e q u a c y w a s e s t a b l i s h e d f o r e a c h p a r k and e a c h p l a y g r o u n d in the 
t w e l v e a r e a s . T h u s , a n i n d e x of a d e q u a c y w a s e s t a b l i s h e d a s a g u i d e 
for r e c r e a t i o n p l a n n i n g . The R e g i o n a l S u r v e y p i o n e e r e d t h i s and o t h e r 
t e c h n i q u e s . 
T h e R e g i o n a l S u r v e y of N e w Y o r k and Its E n v i r o n s w a s p o s s i b l e 
o n l y b e c a u s e of s p o n s o r s h i p f r o m the R u s s e l S a g e F o u n d a t i o n . It t ook 
s e v e n y e a r s and $ 1 m i l l i o n to c o m p l e t e the s t u d i e s . A s v a l u a b l e a s 
s u c h s t u d i e s w o u l d be to the a v e r a g e c i t y p l a n n i n g a g e n c y , a p r o j e c t of 
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t h i s m a g n i t u d e h a s n e v e r b e e n u n d e r t a k e n i n o t h e r c i t i e s . N e v e r t h e l e s s , 
p i e c e m e a l a p p r o x i m a t i o n s to the R e g i o n a l S u r v e y type of p r o j e c t a r e b e ­
c o m i n g i n c r e a s i n g l y c o m m o n and n e w c h a p t e r s a r e b e i n g a d d e d . In 
c i t i e s w h e r e p l a n n i n g i s p r o g r e s s i v e , i t i s not u n u s u a l to f ind ( jus t f i n ­
i s h e d , in p r o g r e s s , o r about to be u n d e r t a k e n ) p r o j e c t s for i n v e s t i g a t i n g 
e c o n o m i c b a s e , e m p l o y m e n t f a c t o r s , p o p u l a t i o n t r e n d s , l a n d u s e p a t t e r n s , 
h o u s i n g c o n d i t i o n s , t r a n s p o r t a t i o n s y s t e m s , and v a r i o u s c o m m u n i t y f a c i l i ­
t i e s . In a d d i t i o n , a n y p a r t i c u l a r c i t y i s l i k e l y to have a n u m b e r of s p e c i a l 
p r o j e c t s r e l a t i n g to c u r r e n t p r o b l e m s w h i c h f l a r e up f r o m t i m e - t o - t i m e 
(and m a y h a v e s i g n i f i c a n c e o n l y at o n e t i m e o r o n e p l a c e ) . F o r e x a m p l e 
one p r o j e c t m i g h t be f o r the p u r p o s e of i m p r o v i n g the t a x s t r u c t u r e and 
a n o t h e r m i g h t be a i m e d at d e t e r m i n i n g w h e t h e r the c i t y c o u l d be e l i g i b l e 
to b e n e f i t f r o m a c e r t a i n F e d e r a l o r s t a t e p r o g r a m of a s s i s t a n c e . A n 
a l e r t p l a n n i n g a g e n c y w i l l a l w a y s be f ind ing n e w p r o b l e m s to s o l v e w h i c h 
w i l l r e q u i r e n e w k i n d s and s o u r c e s of i n f o r m a t i o n . 
T h e n e e d s f o r s e v e r a l n e w t y p e s of s t u d i e s a r e c u r r e n t l y b e i n g 
w i d e l y c i r c u l a t e d i n s o c i a l s c i e n c e and p l a n n i n g l i t e r a t u r e . A t t i t u d e 
s u r v e y s o n s u b j e c t s r a n g i n g f r o m h o m e o w n e r s h i p and t a x e s ^ to n e i g h -
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b o r i n g , r e d e v e l o p m e n t , and the j o u r n e y to w o r k h a v e b e e n c a l l e d f o r 
m a n y t i m e s . S o m e o t h e r s t u d i e s c o m m o n l y b e i n g c a l l e d for a r e g e o ­
g r a p h i c a l s t u d i e s to i d e n t i f y the e x t e n t to w h i c h n a t u r a l a r e a s e x i s t 
and the c h a r a c t e r i s t i c s w h i c h t h e y e x h i b i t . T h e n t h e r e a r e p o p u l a ­
t i o n p r o b l e m s w h i c h n e e d a t t e n t i o n , s u c h a s e s t i m a t i n g d a y t i m e 
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p o p u l a t i o n s . F l o o d p l a i n s u r v e y s a l s o n e e d to be m a d e i n m a n y a r e a s 
o 
and i m p r o v e d s t u d i e s of e c o n o m i c b a s e a r e f r e q u e n t l y u r g e d . A l l of 
t h e s e s t u d i e s a r e e s s e n t i a l l y s t a t i s t i c a l . T h e r e i s no e n d to the l i s t of 
p r o p o s e d s t u d i e s w h i c h c o u l d be g i v e n h e r e . 
N o w that a n a n s w e r has b e e n g i v e n to the q u e s t i o n c o n c e r n i n g 
the t y p e s of b a s i c s t u d i e s c i t y p l a n n e r s s h o u l d u n d e r t a k e , the n e x t s t e p 
i s to a n s w e r the q u e s t i o n c o n c e r n i n g the b e s t w a y to u n d e r t a k e the 
s t u d i e s o 
It g o e s a l m o s t w i t h o u t s a y i n g that the u s e to w h i c h data a r e to 
be put s h o u l d be c a r e f u l l y thought out b e f o r e the data a r e c o l l e c t e d . 
T h i s i s a n e c o n o m y m e a s u r e , p l a i n and s i m p l e . C i t y p l a n n e r s have 
l i m i t e d t i m e , m o n e y and e f f o r t to put in to a l m o s t u n l i m i t e d p o s s i b i l i t i e s 
for b a s i c i n f o r m a t i o n s t u d i e s . Not o n l y tha t , but i t i s a c o n c e p t u a l 
e c o n o m y a l s o . B y c o l l e c t i n g o n l y d a t a for w h i c h t h e r e i s a u s e the plan­
n e r a v o i d s c o n f u s i o n . ( T h e s e s t a t e m e n t s a r e not i n t e n d e d to a p p l y to 
the f u n d a m e n t a l r e s e a r c h s i t u a t i o n i n w h i c h " e x t r a n e o u s " data m a y t u r n 
out to be the k e y to a n e w d i s c o v e r y . ) 
A f t e r the d a t a have b e e n c a r e f u l l y s e l e c t e d , t h e y s h o u l d be c o l ­
l e c t e d i n s u c h a w a y that t h e y w i l l be a v a i l a b l e q u i c k l y a n d i n e x p e n ­
s i v e l y for m a n y d i f f e r e n t k i n d s of a n a l y s i s a t a n y t i m e . One of the 
m o s t c o m m o n o c c u r r e n c e s in o f f i c e s w h i c h d e a l w i t h l a r g e q u a n t i t i e s 
of d a t a i s the e x t r e m e d i f f i c u l t y of a c c e s s to d a t a s o o n a f t e r t h e y a r r i v e 
i n the o f f i c e . 
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S p e c i a l p r o v i s i o n s s h o u l d a l s o be m a d e for k e e p i n g the d a t a u p -
t o - d a t e . In the U n i t e d S t a t e s , t o d a y , e v e r y t h i n g ( p o p u l a t i o n , l a n d u s e , 
t e c h n o l o g y , e c o n o m i c c o n d i t i o n s , e t c . ) i s c h a n g i n g s o r a p i d l y tha t e v e n 
w h i l e a c i t y p l a n n e r i s w o r k i n g o n a n e w s e t of d a t e , the d a t a b e c o m e 
o u t - d a t e d . 
B y n o w p r o b l e m s of how to u n d e r t a k e s t u d i e s d e s i g n e d to g a t h e r 
i n f o r m a t i o n a r e f a m i l i a r to m o s t c i t y p l a n n e r s , but m e t h o d s of s o l v i n g 
t h e m a r e not s o f a m i l i a r . 
M o d e r n m a c h i n e m e t h o d s a r e the o n l y p r a c t i c a l s o l u t i o n s to 
h a n d l i n g huge q u a n t i t i e s of d a t a q u i c k l y and w i t h f l e x i b i l i t y of a c c e s s , 
a n a l y s i s , and u p - d a t i n g . I B M s y s t e m s f o r h a n d l i n g l a n d u s e d a t a h a v e 
b e e n e s t a b l i s h e d to m e e t g r o w i n g d e m a n d s f o r u p - t o - d a t e i n f o r m a t i o n 
in P r o v i d e n c e , R h o d e I s l a n d ; ^ S a n M a t e o , C a l i f o r n i a ; ^ and T u l s a , 
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O k l a h o m a ; and o t h e r c i t i e s s u c h a s W i c h i t a , K a n s a s , a r e p r o p o s i n g 
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to e s t a b l i s h s u c h s y s t e m s a s q u i c k l y a s p o s s i b l e . 
O t h e r m u n i c i p a l f u n c t i o n s a r e a l s o b e i n g a i d e d by the u s e of 
m o d e r n m a c h i n e m e t h o d s of d a t a h a n d l i n g . In L o s A n g e l e s , w h e r e 
the c i t y o p e r a t e s 16 I B M s y s t e m s a n d the c o u n t y o p e r a t e s 17 m o r e 
e l e c t r o n i c s y s t e m s , a c c o u n t i n g , b i l l i n g , f i l i n g o p e r a t i o n s , a n a l y s i s 
of c r i m e s , t ra f f i c v i o l a t i o n s , and a c c i d e n t r e p o r t s , c o m p u t a t i o n s for 
c o n s t r u c t i o n p r o j e c t s , and h a n d l i n g of v o t e r and t a x r o l l s a r e a l l d o n e 
14 
by m a c h i n e s . B u d g e t c o n t r o l i s a n o t h e r p h a s e of m u n i c i p a l o p e r a t i o n 
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i n w h i c h m a c h i n e s c a n a i d . A n d i n N e w Y o r k C i t y , the t r a n s i t 
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a u t h o r i t y i s u s i n g a U N I V A C s y s t e m to m a k e d a i l y i n v e n t o r i e s of i t s 
$ 2 0 m i l l i o n w o r t h of s u p p l i e s in 16 s c a t t e r e d w a r e h o u s e s . ^ A l m o s t 
a n y job of handl ing l a r g e q u a n t i t i e s of d a t a i n a r e p e t i t i v e f a s h i o n 
w h e r e s p e e d i s an i m p o r t a n t f a c t o r c a n be done a d v a n t a g e o u s l y by 
m a c h i n e m e t h o d s . 
B a s i c s t u d i e s c a n be d e s i g n e d s o a s to p e r m i t the u s e of e c o ­
n o m i c a l m e t h o d s of c o l l e c t i n g , r e c o r d i n g , and a s s e m b l i n g i n f o r m a t i o n . 
M a r k e t S t u d i e s ( the A n a l y s i s F u n c t i o n ) 
Wi thout s o m e s o r t of a n a l y s i s i t w o u l d m a k e no d i f f e r e n c e how 
m a n y i n d i v i d u a l p i e c e s of d a t a c o u l d be c o l l e c t e d . A n i n d i v i d u a l p i e c e 
of i n f o r m a t i o n , or e v e n a l a r g e g r o u p of i n d i v i d u a l p i e c e s of i n f o r m a ­
t i o n , i s no th ing m o r e than i d l e d e s c r i p t i o n of the p a s t if i t c a n n o t be 
a n a l y z e d to p r o v i d e g e n e r a l i z a t i o n s w h i c h c a n be a p p l i e d to n e w s i t u a ­
t i o n s . T h u s , the a n a l y s i s of d a t a i s e s s e n t i a l to p l a n n i n g f o r the f u t u r e . 
C i t y p l a n n e r s h a v e l o n g b e e n a n a l y z i n g data of v a r i o u s k i n d s . 
A n a l y s i s of d a t a i s b a s i c a l l y a s t a t i s t i c a l p r o c e d u r e , s o n a t u r a l l y , f r e ­
q u e n c y d i s t r i b u t i o n s and g r a p h s of o n e k ind o r a n o t h e r a p p e a r c o m m o n l y 
i n p l a n n i n g l i t e r a t u r e . H o w e v e r , m o s t of the t i m e , d a t a a n a l y s i s i s 
t a k e n no f u r t h e r than s i m p l e t a b l e s and g r a p h s . T a b l e s and g r a p h s a r e 
v a l u a b l e a s far a s t h e y g o and a r e the o b v i o u s f i r s t s t e p i n a n a l y z i n g 
d a t a , but t h e y r e m a i n t i e d to a s p e c i f i c s e t of f i g u r e s - = a s p e c i f i c s i t u a ­
t i o n . C o n s e q u e n t l y , the k ind of g e n e r a l i z a t i o n w h i c h y i e l d s u n i v e r s a l 
l a w s i s no t h i g h l y d e v e l o p e d i n the f i e l d of c i t y p l a n n i n g . 
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C o m p l i c a t e d p r o b l e m s a r e d i f f i c u l t to s o l v e in g e n e r a l i z e d w a y s 
b e c a u s e of the n u m b e r of f a c t o r s i n v o l v e d . C i t y p l a n n i n g d e a l s w i t h 
c o m p l i c a t e d p r o b l e m s b e c a u s e s o c i a l f a c t o r s have to be c o n s i d e r e d a s 
w e l l a s p h y s i c a l f a c t o r s s u c h a s t o p o g r a p h y and c o n s t r u c t i o n t e c h n i q u e s . 
In d e a l i n g w i t h c o m p l e x p r o b l e m s , g e n e r a l i z a t i o n s c a n be m a d e m o s t 
e a s i l y if the m o s t s i g n i f i c a n t f a c t o r s c a n be i d e n t i f i e d and s t u d i e d i n t e n ­
s i v e l y w h i l e r e l a t i v e l y ins ign i f i cant f a c t o r s a r e " w e e d e d out" f o r the 
s a k e of a v o i d i n g c o n f u s i o n . A f t e r a g e n e r a l i z a t i o n i s f i n a l l y s e e n , i t 
m a y be p o s s i b l e to r e f i n e i t b y u s i n g s o m e of the p r e v i o u s l y d i s c a r d e d , 
l e s s s i g n i f i c a n t f a c t o r s . T h i s p r o c e s s of g e n e r a l i z a t i o n a n d r e f i n e m e n t 
i s i m p o s s i b l e w i t h o u t the u s e of q u a n t i t a t i v e d a t a . 
A f e w g e n e r a l i z a t i o n s h a v e a p p e a r e d i n p l a n n i n g l i t e r a t u r e 
t h o u g h r e f i n e m e n t s a r e m u c h m o r e r a r e . One s u c h g e n e r a l i z a t i o n i s 
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the g r a v i t a t i o n a l a t t r a c t i o n l a w . The t h e o r y , d e r i v e d f r o m the a n a l o g y 
of the g r a v i t a t i o n a l t h e o r y of p h y s i c s , w a s f i r s t s t a t e d i n the e a r l y p a r t 
of the 19th c e n t u r y and r e v i v e d f r o m t i m e - t o - t i m e unt i l a t t h e p r e s e n t 
t i m e i t i s w e l l e n o u g h thought of to be u s e d a s o n e f a c t o r i n ( j le l ineat ing 
r e t a i l m a r k e t a r e a s . T h e f o r m of t h i s t h e o r y u s e d for d e l i n e a t i n g r e ­
t a i l m a r k e t a r e a s i s k n o w n a s R e i l l y ' s l a w of r e t a i l g r a v i t a t i o n . It 
s t a t e s that the r a t i o of p o p u l a t i o n c e n t e r s i n i n v e r s e to the r a t i o of 
the d i s t a n c e s of m a r k e t d o m i n a n c e b e t w e e n the c e n t e r s e x e r c i s e d by 
e a c h . In o t h e r w o r d s : 
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P j " d i 
w h e r e = p o p u l a t i o n of c e n t e r "i" 
P j = p o p u l a t i o n of c e n t e r " j " 
d^ = d i s t a n c e m a r k e t d o m i n a n c e of "i" 
e x t e n d s t o w a r d " j " 
d j - d i s t a n c e m a r k e t d o m i n a n c e of " j " 
e x t e n d s t o w a r d " i" 
S i n c e o n e or the o t h e r of t h e c e n t e r s i s a s s u m e d to be d o m i n a n t o v e r 
a l l the d i s t a n c e b e t w e e n the t w o c e n t e r s 
d i + d j - D 
w h e r e D i s the t o t a l d i s t a n c e b e t w e e n the c e n t e r s . T a k i n g c e n t e r " i " 
a s the o n e f o r w h i c h a m a r k e t i s to b e d e l i n e a t e d , d^ c a n be c o m p u t e d 
f r o m e q u a t i o n s (1) and (2 ) , the t o t a l d i s t a n c e b e t w e e n the two c e n t e r s , 
and the p o p u l a t i o n s of the two c e n t e r s . T h e d e r i v e d e q u a t i o n i s s i m p l y 
d i • D 
i +- P i 
B y a p p l y i n g t h i s f o r m u l a b e t w e e n one r e t a i l c e n t e r a n d e a c h of a n u m b e r 
of s u r r o u n d i n g c e n t e r s , it i s p o s s i b l e to d e l i n e a t e the m a r k e t a r e a of 
the o n e c e n t e r . S i n c e f a c t o r s of " f r i c t i o n " s u c h a s r o a d c o n d i t i o n s b e ­
t w e e n the c e n t e r s , i n t e r v e n i n g p o l i t i c a l b o u n d a r i e s , e t c . have not b e e n 
i n c o r p o r a t e d i n t o the f o r m u l a , the f o r m u l a m u s t be u s e d w i t h d i s c r e t i o n . 
B u t e v e n s o , the f o r m u l a i s u s e f u l a s a g u i d e and m a y be r e f i n e d for 
m o r e p r e c i s e u s e i n the f u t u r e . 
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In the a b s e n c e of m o r e and b e t t e r r e f i n e d g e n e r a l i z a t i o n s , the 
a n a l y s i s of c i t y p l a n n i n g d a t a i s , at the p r e s e n t t i m e , d e p e n d e n t a l m o s t 
e n t i r e l y o n s p e c i f i c c a s e m a t e r i a l s . A n a l y s i s of t h i s t ype r e q u i r e s that 
a l l p e r t i n e n t f a c t o r s i n v o l v e d in a p r o b l e m be m e a s u r e d d i r e c t l y e a c h 
t i m e the p r o b l e m i s s t u d i e d , w h e r e a s if g e n e r a l i z e d r e l a t i o n s h i p s c o u l d 
be s a i d to e x i s t b e t w e e n the f a c t o r s , r e l a t i v e l y f e w m e a s u r e m e n t s w o u l d 
h a v e to be m a d e to d e t e r m i n e a s o l u t i o n to the p r o b l e m . 
A n a l y s i s of r e l a t i o n s h i p s a m o n g data i n s p e c i f i c c a s e s i s f a m i l i a r 
to a l l e x p e r i e n c e d c i t y p l a n n e r s . A s i m p l e e x a m p l e i s the c o m p a r i s o n 
of d a t a o n t y p e s of a p a r t m e n t s and n u m b e r of s c h o o l c h i l d r e n l i v i n g i n 
the a p a r t m e n t s . W h e n s u c h d a t a a r e t a b u l a t e d , r e s u l t s m i g h t s h o w t h a t , 
for i n s t a n c e , o n e type of a p a r t m e n t y i e l d s n ine t e n t h s of a n e l e m e n t a r y 
s c h o o l c h i l d p e r uni t w h i l e o t h e r t y p e s m i g h t y i e l d s e v e n t e n t h s , f i v e 
t e n t h s , o r t h r e e t e n t h s . S u c h f i g u r e s , o n c e a r r i v e d a t , c a n be a p p l i e d 
i n the c i t y to w h i c h the d a t a r e f e r f o r the p u r p o s e of p r e d i c t i n g the 
n u m b e r of e l e m e n t a r y s c h o o l c h i l d r e n w h o w i l l l i v e i n n e w a p a r t m e n t s 
w h i c h a r e to be bui l t i n the f u t u r e . B u t i n a f e w y e a r s the data b e c o m e 
s o out of d a t e that t h e y h a v e to be r e v i s e d and r e t a b u l a t e d . O b v i o u s l y 
s u c h a p r o c e d u r e w o u l d be c o s t l y and t i m e c o n s u m i n g if d o n e m a n u a l l y . 
D a t a a n a l y s i s , bo th f o r p u r p o s e s of g e n e r a l i z a t i o n a n d c a s e 
s t u d i e s , r e q u i r e s m a c h i n e m e t h o d s , a t l e a s t i n m i d d l e s i z e d and l a r g e 
c i t i e s . T h i s i s a q u e s t i o n of s h e e r p o s s i b i l i t i e s a s w e l l a s e c o n o m y . 
G e n e r a l i z a t i o n , i n p a r t i c u l a r , c a n n o t be b a s e d o n a s m a l l g r o u p of 
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f a c t s b e c a u s e it r e p r e s e n t s a l l of a c e r t a i n k ind of e x p e r i e n c e . T h e r e ­
f o r e , g e n e r a l i z a t i o n s h o u l d be b a s e d o n a s m u c h e x p e r i e n c e a s p o s s i b l e 
if it i s to be r e a l i s t i c . 
M a n y of the s i m p l e r t e c h n i q u e s of d a t a a n a l y s i s s u c h a s o r d i n a r y 
f r e q u e n c y d i s t r i b u t i o n s and s i m p l e g r a p h s have b e e n a v a i l a b l e to p l a n ­
n e r s f o r a l o n g t i m e . T h e s e s t a t i s t i c a l t e c h n i q u e s a r e v a l u a b l e , but 
s t a t i s t i c s has m o r e to o f f e r t h a n c i t y p l a n n e r s h a v e b e e n p r o n e to u s e . 
S t a t i s t i c a l a n a l y s i s i s o n e of the m o s t i m p o r t a n t k i n d s of s c i e n t i f i c 
a n a l y s i s . A s a m a t t e r of f a c t , e v e n the p h y s i c a l s c i e n t i s t s h a v e r e c e n t l y 
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c o m e to r e a l i z e the f u n d a m e n t a l l y s t a t i s t i c a l n a t u r e of t h e i r p r o b l e m s . 
P l a n n e r s h a v e u s e f o r two b r o a d t y p e s of s t a t i s t i c a l a n a l y s i s : 
d e s c r i p t i v e a n a l y s i s and a n a l y s i s of r e l a t i o n s h i p s . T h e two s i t u a t i o n s 
w h i c h r e q u i r e d i f f e r e n t t y p e s of s t a t i s t i c a l a n a l y s i s a r e s t a t i c and 
d y n a m i c . D e s c r i p t i v e a n a l y s i s d e s c r i b e s a whole u n i v e r s e (or p o p u l a ­
t i o n ) , a s i t e x i s t s at o n e po in t i n t i m e , e i t h e r by s u m m a r i z i n g d a t a 
about a s a m p l e of u n i t s i n the u n i v e r s e and t h e n p r e d i c t i n g u n i v e r s e 
c h a r a c t e r i s t i c s b a s e d o n the s a m p l e . A n a l y s i s of r e l a t i o n s h i p s i s 
c o n c e r n e d w i t h f ind ing r e l a t i o n s h i p s a m o n g v a r i a b l e c h a r a c t e r i s t i c s 
w h i c h c a n t h e n be u s e d to p r e d i c t fu ture d a t a . F o r the s a k e of e x a m p l e , 
a h o u s i n g c o n d i t i o n s u r v e y i s b r o u g h t to i t s c o n c l u s i o n by d e s c r i p t i v e 
a n a l y s i s of s t a t i s t i c s w h i l e p o p u l a t i o n f o r e c a s t s a r e a r r i v e d at by 
a n a l y z i n g s t a t i s t i c a l r e l a t i o n s h i p s of v a r i a b l e c h a r a c t e r i s t i c s . 
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D e s c r i p t i v e A n a l y s i s 
D e s c r i p t i v e a n a l y s i s i s d i s c u s s e d h e r e f i r s t b e c a u s e it i s s i m p l e r 
and m o r e f u l l y d e v e l o p e d than a n a l y s i s of r e l a t i o n s h i p s . S e v e r a l c o m ­
m o n t e c h n i q u e s a r e u s e d i n d e s c r i p t i v e a n a l y s i s . R a t i o s , p e r c e n t a g e s , 
and p r o p o r t i o n s d e s c r i b e s i m p l e c o m p a r i o n s of d a t a . M e a s u r e s of c e n ­
t r a l t e n d e n c y ( m e a n , m e d i a n , m o d e , e t c . ) a r e u s e d a s the s i n g l e m o s t 
d e s c r i p t i v e m e a s u r e ; t h e y a r e m e a s u r e s w h i c h g i v e a g e n e r a l d e s c r i p ­
t i o n of a w h o l e u n i v e r s e a l l in o n e n u m b e r , s u c h a s a v e r a g e i n c o m e i n 
a c o m m u n i t y or a v e r a g e e d u c a t i o n a l l e v e l in a c o m m u n i t y . F o r a m o r e 
c o m p l e t e d e s c r i p t i o n of the u n i v e r s e , h o w e v e r , m e a s u r e s of d i s p e r s i o n 
a l s o h a v e to be u s e d . T h e s e m e a s u r e s a r e d e s i g n e d to s h o w the r a n g e 
o v e r w h i c h the s t a t i s t i c s v a r y , o r at l e a s t t h e y g i v e s o m e e s t i m a t i o n 
of the r a n g e in w h i c h the m a j o r p o r t i o n of the d a t a l i e . S k e w n e s s , a 
m e a s u r e of d e p a r t u r e f r o m s y m m e t r y i n o r d e r e d d a t a , i s a l s o i m p o r ­
tant to s t a t i s t i c a l d e s c r i p t i o n . P r o g r e s s i n g to e v e n f u l l e r d e s c r i p t i o n , 
g r a p h i c a l r e p r e s e n t a t i o n i s the n e x t s t e p ; f o l l o w e d by d e s c r i p t i o n i n 
the f o r m of m a t h e m a t i c a l e q u a t i o n s . C a r r y i n g d e s c r i p t i v e s t a t i s t i c s 
one s t e p f u r t h e r , i t i s p o s s i b l e to d e s c r i b e , w i t h a f a i r d e g r e e of 
a c c u r a c y , a w h o l e s e r i e s of d a t a a f t e r e x a m i n i n g o n l y a s a m p l e ( s o m e ­
t i m e s v e r y s m a l l ) of the d a t a . 
D e s c r i p t i v e s t a t i s t i c s f a c i l i t a t e s t h i n k i n g a b o u t a n d c o n v e r s i n g 
about d a t a . It a l s o f a c i l i t a t e s s i m p l e and c o m p l e x c o m p a r i o n s b e ­
t w e e n one s e t of d a t a and a n o t h e r . It i s no w o n d e r , t h e n , that d e s c r i p t i v e 
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s t a t i s t i c s has a l r e a d y b e c o m e a n e v e r y d a y t o o l of c i t y p l a n n e r s w h o d e a l 
w i t h l o n g s e r i e s of d a t a . 
T h e s a m e t e c h n i q u e s of d e s c r i p t i v e s t a t i s t i c s j u s t m e n t i o n e d c a n 
be u s e d w i t h data f r o m a c t u a l s i t u a t i o n s to t e s t h y p o t h e s e s . B a s e d o n 
a g r o u p of a s s u m p t i o n s , h y p o t h e t i c a l r e l a t i o n s h i p s , and s p e c i f i e d c o n ­
d i t i o n s , p r e d i c t i o n s of e x p e c t e d data c a n be m a d e . If the a c t u a l d a t a 
a r e t h e n d e s c r i b e d by d e s c r i p t i v e s t a t i s t i c s , t h e y c a n be e a s i l y c o m p a r e d 
w i t h e x p e c t a t i o n s . If a c o m p a r i s o n c o n f i r m s e x p e c t a t i o n s the h y p o t h e ­
s i s i s s t r e n g t h e n e d ; if i t d o e s no t , the h y p o t h e s i s i s w e a k e n e d . S e t t i n g 
up h y p o t h e s e s and t e s t i n g t h e m w i t h d e s c r i p t i v e s t a t i s t i c s i s a j o b 
r e q u i r i n g c o n s i d e r a b l e s k i l l and h a s , u n d e r s t a n d a b l y , not c o m e in to 
c o m m o n u s a g e a m o n g c i t y p l a n n e r s . N e v e r t h e l e s s , the u s e f u l p o s s i ­
b i l i t i e s a r e e v i d e n t . 
A n a l y s i s of R e l a t i o n s h i p s 
A n a l y s i s of r e l a t i o n s hips , l i k e d e s c r i p t i v e t e s t i n g of h y p o t h e s e s , 
r e q u i r e s c o n s i d e r a b l e s t a t i s t i c a l s k i l l . B a s i c a l l y t h e r e a r e two t h i n g s 
to be a c c o m p l i s h e d i n the j o b of a n a l y z i n g r e l a t i o n s h i p s : e s t a b l i s h i n g 
r e l a t i o n s h i p s a m o n g d a t a and g e n e r a l i z i n g o n the r e l a t i o n s h i p s a s a 
m e a n s of p r e d i c t i n g f u t u r e d a t a . F o u r a s p e c t s of r e l a t i o n s h i p o r a s s o ­
c i a t i o n c a n be i n v e s t i g a t e d b y s t a t i s t i c s . T h e f i r s t a s p e c t i s e x i s t e n c e - -
w h e t h e r o r not t h e r e i s a n y r e l a t i o n s h i p . N e x t , the q u e s t i o n of w h e t h e r 
the c h a r a c t e r i s t i c s a r e p o s i t i v e l y o r n e g a t i v e l y r e l a t e d c a n be i n v e s t i ­
g a t e d . T h e n , s t a t i s t i c s c a n i n d i c a t e how c l o s e the a s s o c i a t i o n i s ( i . e . , 
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how r e l i a b l y the s t a t i s t i c a l r e l a t i o n s h i p d e s c r i b e s the a c t u a l d a t a ) . 
A n d f i n a l l y , s t a t i s t i c s c a n m e a s u r e the c h a n g e in o n e c h a r a c t e r i s t i c 
a s s o c i a t e d w i t h c h a n g e s in o t h e r c h a r a c t e r i s t i c s . 
A n u m b e r of s t a t i s t i c a l t e c h n i q u e s h a v e b e e n d e v e l o p e d for u s e 
i n the a n a l y s i s of r e l a t i o n s h i p s . S o m e of the t e c h n i q u e s , s u c h a s c o n ­
t i n g e n c y and a n a l y s i s of v a r i a n c e and c o v a r i a n c e , a r e s u i t e d to t r e a t ­
m e n t of n o n q u a n t i t a t i v e d a t a , one e x a m p l e of w h i c h i s the p r o b l e m of 
a n a l y z i n g the r e l a t i o n s h i p s b e t w e e n r a c e (wh i t e and N e g r o ) and type of 
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p u b l i c w e l f a r e r e l i e f ( d i r e c t r e l i e f o r w o r k r e l i e f ) . O t h e r t e c h n i q u e s 
s u c h a s t o t a l , p a r t i a l , and m u l t i p l e c o r r e l a t i o n a r e s u i t e d to a n a l y s i s 
of q u a n t i t a t i v e d a t a , a n e x a m p l e of w h i c h i s the p r o b l e m of a n l y z i n g 
the r e l a t i o n s h i p b e t w e e n the p e r c e n t a g e of net c h a n g e i n a p o p u l a t i o n 
due to m i g r a t i o n and the a v e r a g e a n n u a l r a t e of n a t u r a l i n c r e a s e i n the 
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p o p u l a t i o n . A s m i g h t be e x p e c t e d , n o n q u a n t i t a t i v e d a t a a n d the t e c h ­
n i q u e s for a n a l y z i n g the r e l a t i o n s h i p s a m o n g t h e m a r e not a s p r e c i s e 
a s a r e the q u a n t i t a t i v e da ta and the t e c h n i q u e s f o r a n a l y z i n g t h e m . 
N e v e r t h e l e s s , the s t a t i s t i c a l m e t h o d s of a n a l y z i n g n o n q u a n t i t a t i v e da ta 
(the a n a l y s i s of w h i c h i s o f t e n l a c k i n g ) a r e b e t t e r than o r d i n a r y c o m m o n 
s e n s e . M e t h o d s of c o r r e l a t i n g q u a n t i t a t i v e d a t a a r e , to a n e v e n h i g h e r 
d e g r e e , s u p e r i o r to o r d i n a r y c o m m o n s e n s e . 
C o r r e l a t i o n a n a l y s i s . - - I t i s i n the r e a l m of c o r r e l a t i o n a n a l y s i s that 
f r o n t i e r s a r e b e i n g e x t e n d e d . R e c e n t d e v e l o p m e n t s i n e l e c t r o n i c c o m ­
p u t e r s y s t e m s a r e l a r g e l y r e s p o n s i b l e . O n l y b e c a u s e c o m p u t e r s a r e 
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a v a i l a b l e i s i t p o s s i b l e to p r o c e s s l a r g e q u a n t i t i e s of d a t a w i t h c o m p l e x 
s t a t i s t i c a l t e c h n i q u e s . B e f o r e the u s e of c o m p u t e r s , l i m i t s of t i m e 
and e x p e n s e p r o h i b i t e d m a n y s t a t i s t i c a l a n a l y s e s w h i c h a r e n o w b e c o m ­
ing c o m m o n l y a c c e p t e d p r a c t i c e . A s m o r e and m o r e p r o b l e m s b e c o m e 
s t a t e d in q u a n t i t a t i v e t e r m s , c o r r e l a t i o n s h e r e t o f o r e i m p o s s i b l e w i l l 
a p p e a r . 
T h e m o s t s i m p l e t y p e of c o r r e l a t i o n i s t o t a l c o r r e l a t i o n . It i s 
u s e d to a n a l y z e a r e l a t i o n s h i p b e t w e e n t w o s e r i e s of d a t a . F o r i n s t a n c e , 
the r e l a t i o n s h i p b e t w e e n c o s t of s e w e r l i n e s and l e n g t h of s e w e r l i n e s 
c o u l d be a n a l y z e d by c o r r e l a t i o n a s f o l l o w s . R e c o r d s of i n s t a l l a t i o n of 
a n u m b e r of v a r y i n g l e n g t h s of four foot t runk s e w e r s c o u l d be e x a m i n e d 
and l e n g t h s and c o s t s s h o w n o n e a c h r e c o r d c o u l d be p l o t t e d o n a g r a p h . 
The r e s u l t i n g g r a p h m i g h t l o o k s i m i l a r to the o n e b e l o w w h i c h i s c a l l e d 
a s c a t t e r d i a g r a m . 
C o s t of 
S e w e r 
L e n g t h of S e w e r 
F i g . 2 S c a t t e r D i a g r a m 
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T h e s c a t t e r d i a g r a m c a n be a n a l y z e d m a t h e m a t i c a l l y to d e t e r ­
m i n e the l i n e w h i c h r e p r e s e n t s the r e l a t i o n s h i p b e t w e e n l e n g t h and c o s t 
m o s t a c c u r a t e l y o n t h e a v e r a g e . S u c h a l i n e ( c a l l e d a r e g r e s s i o n l i n e ) 
w o u l d h a v e the m a t h e m a t i c a l f o r m y = a •+• bx 
i n w h i c h y * c o s t of s e w e r 
a = p o i n t at w h i c h the l i n e d e s c r i b e d by the 
e q u a t i o n c r o s s e s the y a x i s 
b • the s l o p e of the l i n e ( r a t i o of y to x ) 
x = l e n g t h of the s e w e r . 
In the c a s e of the s c a t t e r d i a g r a m a b o v e , the r e g r e s s i o n l i n e w o u l d 
a p p e a r a s f o l l o w s . 
C o s t 
L e n g t h 
F i g . 3 R e g r e s s i o n L i n e 
A f t e r p r o p e r r e f i n e m e n t s a n e s t i m a t e d t runk s e w e r c o s t c o u l d be c o m ­
p u t e d b y the s i m p l e p r o c e d u r e of s u b s t i t u t i n g the p r o p o s e d l e n g t h in to 
the f o r m u l a . T h i s t o t a l c o r r e l a t i o n p r o c e d u r e i s the b a s i s for o t h e r , 
m o r e c o m p l e x t y p e s of c o r r e l a t i o n . 
P a r t i a l c o r r e l a t i o n i s u s e d to s e p a r a t e a n a l y s i s of r e l a t i o n s h i p s 
w h e n m o r e than t w o c h a r a c t e r i s t i c s a r e i n v o l v e d . F o r e x a m p l e , the 
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c o r r e l a t i o n p r o b l e m s t a t e d a b o v e w a s to f ine the r e l a t i o n s h i p b e t w e e n 
l e n g t h and cost of s e w e r l i n e s . W i t h o u t n a r r o w i n g the p r o b l e m f u r t h e r , 
the t o t a l c o r r e l a t i o n w o u l d be o n e b e t w e e n c o s t and l e n g t h r e c o r d s of 
a l l t y p e s of s e w e r s . H o w e v e r , i n w o r k i n g out the a b o v e e x a m p l e , the 
p r o b l e m w a s n a r r o w e d to c o n s i d e r a t i o n of four foo t t r u n k s e w e r s o n l y . 
T h u s , the e x a m p l e g i v e n , w h i l e it i s a t o t a l c o r r e l a t i o n of the f o u r f o o t 
t r u n k s e w e r p r o b l e m , i s o n l y a p a r t i a l c o r r e l a t i o n of the b r o a d e r s e w e r 
l i n e p r o b l e m w h i c h i n c l u d e d a l l s e w e r l i n e s . 
W i t h i n the m o r e n a r r o w p r o b l e m f u r t h e r b r e a k d o w n s c a n be 
m a d e , s o a s to c o n s i d e r s e p a r a t e l y , f o r e x a m p l e , f o u r foot t runk s e w e r s 
w h i c h h a v e b e e n c o n s t r u c t e d i n r o c k y s o i l and f o u r f o o t t runk s e w e r s 
w h i c h h a v e b e e n bu i l t in s a n d y s o i l s . In the t o t a l c o r r e l a t i o n p r o b l e m 
o n l y t w o v a r i a b l e s w e r e c o n s i d e r e d ; c o s t and l e n g t h . T h e n by the u s e 
of p a r t i a l c o r r e l a t i o n the s i z e of p i p e , a t h i r d v a r i a b l e , w a s h e l d c o n ­
s t a n t for the p u r p o s e of r e m o v i n g i t s i n f l u e n c e i n the r e l a t i o n s h i p b e ­
t w e e n c o s t and l e n g t h . A n d f i n a l l y , the type of s o i l ( a n o t h e r v a r i a b l e ) 
w a s h e l d c o n s t a n t s o tha t i t s i n f l u e n c e w o u l d not a f f e c t the r e l a t i o n s h i p 
b e t w e e n c o s t a n d l e n g t h . A n o t h e r p o s s i b i l i t y , u s i n g p a r t i a l c o r r e l a t i o n 
m e t h o d s , w o u l d have b e e n to ho ld l e n g t h a n d s o i l t y p e c o n s t a n t and 
i n v e s t i g a t e the r e l a t i o n s h i p b e t w e e n c o s t and s i z e . T h e n e x t p o s s i b i l i t y 
w o u l d be to ho ld c o n s t a n t l e n g t h and s i z e w h i l e the r e l a t i o n s h i p b e t w e e n 
c o s t and s o i l type w a s a n a l y z e d . T h u s , a w h o l e s e r i e s of c o r r e l a t i o n s 
c a n be found b e t w e e n v a r i o u s i s o l a t e d c h a r a c t e r i s t i c s w i t h i n t h e b o u n d s 
of the t o t a l c o r r e l a t i o n . 
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A f t e r p a r t i a l r e l a t i o n s h i p s h a v e b e e n a n a l y z e d , t h e r e i s o f t e n 
r e a s o n to r e c o m b i n e t h e m i n s u c h a w a y that the c o n d i t i o n s of a n e w 
p r o b l e m c a n be s i m u l a t e d . C a r r y i n g out the s e w e r l i n e e x a m p l e , the 
c o s t of a s e w e r l i n e i s to be e s t i m a t e d . The p a r t i a l c o r r e l a t i o n s 
b e t w e e n c o s t and l e n g t h , c o s t and s i z e , and c o s t a n d s o i l type e n a b l e 
the c o s t for the p r o p o s e d s e w e r l i n e to be e s t i m a t e d . The p r o c e s s of 
c o m b i n i n g p a r t i a l c o r r e l a t i o n s i s k n o w n a s m u l t i p l e c o r r e l a t i o n . 
S t a t i s t i c a l c o r r e l a t i o n i s not l i m i t e d to s t r a i g h t l i n e r e l a t i o n ­
s h i p s . C u r v e d r e l a t i o n s h i p s h a v e b e e n found to e x i s t and t h e y c a n be 
c o r r e l a t e d s t a t i s t i c a l l y . 
T o s u m m a r i z e the u s e s of c o r r e l a t i o n , it c a n be s a i d that t h e r e 
a r e t h r e e . F i r s t , c o r r e l a t i o n c a n be u s e d to e s t a b l i s h c o n t r o l o v e r 
e x p e r i m e n t a l c o n d i t i o n s , a s w a s e x p l a i n e d w i t h the e x a m p l e s of p a r t i a l 
c o r r e l a t i o n . S e c o n d , i t c a n s u g g e s t and t e s t h y p o t h e s e s a b o u t r e l a t i o n ­
s h i p s b e t w e e n v a r i a b l e s . A n d t h i r d , the c o r r e l a t i o n r e l a t i o n s h i p s c a n 
be u s e d to p r e d i c t c o n d i t i o n s i n p r a c t i c a l s i t u a t i o n s i n o r d e r to s o l v e 
p r o b l e m s . 
T r e n d a n a l y s i s . - - A n a l y s i s of r e l a t i o n s h i p s i n v o l v i n g t i m e a s o n e v a r i ­
a b l e i s c a l l e d t r e n d a n a l y s i s . S i n c e t i m e i s not n o r m a l l y t h o u g h t of a s 
a c a u s e of v a r i a t i o n i n c h a r a c t e r i s t i c s of o t h e r d a t a , c o r r e l a t i o n c o e f ­
f i c i e n t s , t e s t s of s i g n i f i c a n c e , and s i m i l a r s t a t i s t i c a l t e s t s of r e l a t i o n ­
s h i p a r e not u s u a l l y a p p l i e d to the a n a l y s i s of t i m e s e r i e s . N e v e r t h e ­
l e s s , r e g r e s s i o n l i n e s a r e f i t t e d to t i m e s e r i e s da ta to i n d i c a t e t r e n d s 
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of v a r i a t i o n w h i c h take p l a c e o v e r p e r i o d s of t i m e . T i m e i s a n i m p o r ­
tant f a c t o r i n m u c h of the w o r k c i t y p l a n n e r s d o . It i s i m p o r t a n t , for 
i n s t a n c e , in p r e d i c t i n g p o p u l a t i o n g r o w t h , e c o n o m i c g r o w t h , a n d t r a f ­
f ic g r o w t h . 
S i n c e t r e n d a n a l y s i s i s s u c h a n i m p o r t a n t p a r t of m a r k e t s t u d i e s 
( b e c a u s e of i t s r o l e i n p r e d i c t i n g s u p p l y and d e m a n d ) a n e x a m p l e of 
m a r k e t t r e n d a n a l y s i s i s a p p r o p r i a t e at t h i s p o i n t . In t r y i n g to u s e s a l e s 
t r e n d s e s t a b l i s h e d f r o m p a s t r e c o r d s of a c o m p a n y , s o m e r e s e a r c h e r s 
h a v e found that m o n t h l y e s t i m a t e s b y s a l e s m e n w e r e t w i c e a s a c c u r a t e 
a s p r e d i c t i o n s b a s e d o n the t r e n d . T h e y a l s o n o t i c e d , h o w e v e r , that 
s a l e s t e n d e d to v a r y i n a r a n d o m m a n n e r a r o u n d the t r e n d p r e d i c t i o n 
w h i l e s a l e s m e n ' s e s t i m a t e s e x h i b i t e d a c o n s t a n t b i a s . F r o m t h e s e two 
o b s e r v a t i o n s a n e w m e t h o d of t r e n d a n a l y s i s w a s s u g g e s t e d . F i r s t , 
s a l e s f i g u r e s f o r the p a s t t w e l v e m o n t h s w e r e u s e d to d e t e r m i n e a 
t r e n d l i n e (by the r e g r e s s i o n l i n e m e t h o d u s e d i n c o r r e l a t i o n a n a l y s i s ) . 
T h e n the s t a n d a r d d e v i a t i o n of the t w e l v e s a l e s f i g u r e s a s t h e y v a r i e d 
r a n d o m l y a r o u n d the t r e n d l i n e w a s c o m p u t e d a n d two l i n e s W e r e p l o t t e d 
p a r a l l e l to the t r e n d l i n e at a d i s t a n c e (one a b o v e and o n e b e l o w ) of two 
s t a n d a r d d e v i a t i o n s . S i n c e c h a n c e s of s a l e s v a r y i n g m o r e t h a n t w o 
s t a n d a r d d e v i a t i o n s a r e o n l y 32 out of 1 0 0 , t h e s e p a r a l l e l l i n e s w e r e 
u s e d a s the l i m i t of e x p e c t e d r a n d o m v a r i a t i o n of the s a l e s f i g u r e s . 
W h e n e v e r a n e w s a l e s f i g u r e f e l l o u t s i d e the l i m i t s , a f o r e c a s t of 
c h a n g e i n the m a r k e t t r e n d w a s m a d e . U n t i l a n e w t r e n d w a s d e f i n i t e l y 
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e s t a b l i s h e d , the t r e n d l i n e w a s r e c o m p u t e d e a c h m o n t h a s n e w i n f o r m a ­
t i o n b e c a m e a v a i l a b l e . B u t s o l o n g a s the s a l e s f i g u r e s f e l l w i t h i n the 
l i m i t s of a n e s t a b l i s h e d t r e n d , no t r e n d c h a n g e w a s f o r e c a s t . W i t h i n 
the t r e n d l i m i t s , s a l e s m e n ' s m o n t h l y e s t i m a t e s ( a d j u s t e d f o r t h e i r 
c o n s t a n t b i a s ) w e r e u s e d f o r s h o r t t e r m f o r e c a s t s . U s i n g t h i s a n a l y s i s 
r e t r o s p e c t i v e l y o v e r a s e v e n y e a r p e r i o d , e a c h t r e n d c h a n g e w a s c o r ­
r e c t l y f o r e c a s t b e f o r e i t w o u l d h a v e b e e n u s i n g o t h e r m e t h o d s , and 
the m e t h o d p r o v e d i t s e l f in c u r r e n t u s e a s w e l l a s i n r e t r o s p e c t . S u b -
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s e q u e n t l y , the m e t h o d h a s b e e n f u r t h e r r e f i n e d . 
T h e v a l u e to c i t y p l a n n e r s of t h i s m e t h o d of t r e n d a n a l y s i s i s 
that it c a n be u s e d to c h e c k o n p r e d i c t i o n s . If, for i n s t a n c e , a p l a n 
a d o p t e d by a c i t y , p r o g r a m s a n u m b e r of p h y s i c a l i m p r o v e m e n t s b a s e d 
o n a s p e c i f i e d r a t e of g r o w t h , a r e c o r d of n e w b u i l d i n g o r o c c u p a n c y 
p e r m i t s c o u l d be p l o t t e d on a g r a p h s h o w i n g the g r o w t h t r e n d and the 
l i m i t l i n e s and c o u l d be u s e d to p r e d i c t c h a n g e s i n the a s s u m e d t r e n d . 
A s a r e s u l t , the p r o g r a m of c o n s t r u c t i o n p r o j e c t s c o u l d be a d j u s t e d 
m o r e r e a l i s t i c a l l y to n e e d s . 
N e w M e t h o d s of A n a l y s i s 
T h e r e a r e a n u m b e r of a n a l y s i s t e c h n i q u e s w h i c h h a v e not 
b e e n g e n e r a l l y a v a i l a b l e to c i t y p l a n n e r s , a f e w of w h i c h a r e e x p l a i n e d 
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i n the f o l l o w i n g p a r a g r a p h s . 
T h e n e w p r o f e s s i o n of o p e r a t i o n s r e s e a r c h h a s r e p e a t e d l y 
b e e n c o n c e r n e d w i t h f i v e r e c u r r e n t t y p e s of p r o b l e m s , a n d c o n s e q u e n t l y 
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it has s o m e w e l l d e v e l o p e d t e c h n i q u e s f o r h a n d l i n g t h e s e p r o b l e m s . T h e 
f i v e t y p e s of p r o b l e m s a r e : 
1. i n v e n t o r y 
2 . a l l o c a t i o n 
3 . w a i t i n g - t i m e 
4 . r e p l a c e m e n t 
5 . c o m p e t i t i v e . 
E a c h type of p r o b l e m has a r e l e v a n c y to c i t y p l a n n i n g and the o p e r a t i o n s 
research m e t h o d s of s o l u t i o n c o u l d b e c o m e v a l u a b l e t e c h n i q u e s to be 
u s e d f o r p l a n n i n g p r o b l e m s . 
I n v e n t o r y p r o b l e m s . - - I n v e n t o r y p r o b l e m s g r o w out of i n d u s t r i a l a p p l i ­
c a t i o n s of o p e r a t i o n s r e s e a r c h w h e r e q u e s t i o n s i n v o l v e d a r e p r i m a r i l y 
c o n c e r n e d w i t h how m u c h of a n i t e m s h o u l d be o r d e r e d f o r p r o d u c t i o n 
o r p u r c h a s e and w h e n the o r d e r s h o u l d be g i v e n . The o b j e c t i s to 
b a l a n c e i n v e n t o r y c o s t s a g a i n s t a d m i n i s t r a t i v e , p r o d u c t i o n , and s h o r t ­
a g e c o s t s s o that the m o s t p r o f i t a b l e s i t u a t i o n i s e n j o y e d by the c o m p a n y . 
S u c h a p r o b l e m i s a n a l o g o u s to the c i t y p l a n n i n g p r o b l e m s of m a r k e t 
a n a l y s i s and p r o p o s a l of p o l i c i e s to s t i m u l a t e o r s l o w d o w n c e r t a i n 
m a r k e t p r o c e s s e s in the c i t y . 
T w o e x a m p l e s of c i t y p l a n n i n g p r o b l e m s w h i c h c a n be t r e a t e d 
a s i n v e n t o r y p r o b l e m s c a n be g i v e n . The f i r s t i n v o l v e s z o n i n g and 
t a x i n g p o l i c i e s . T h e s e p o l i c i e s c a n be a d j u s t e d f r o m t i m e to t i m e s o 
a s to r e g u l a t e the a m o u n t of l a n d a v a i l a b l e f o r u r b a n d e v e l o p m e n t of 
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o n e type o r a n o t h e r a c c o r d i n g to d e m a n d s for i t m a d e by e c o n o m i c , 
s o c i a l , and o t h e r p r e s s u r e s . W h e n the d e m a n d for u r b a n l a n d i s l o w 
o r w h e n i t i s d e s i r a b l e to l i m i t the e x t e n t o r u r b a n d e v e l o p m e n t , z o n i n g 
the l a n d for a g r i c u l t u r e or v e r y l o w d e n s i t y r e s i d e n t i a l u s e w i l l h e l p 
to ho ld the l a n d in o p e n u s e . A d e c i s i o n to ho ld c e r t a i n l a n d s o p e n 
c o u l d be r e e n f o r c e d , i n a d d i t i o n to u s i n g the z o n i n g p o l i c y j u s t m e n ­
t i o n e d , by a s s e s s i n g the l a n d for t a x p u r p o s e s at a l o w v a l u e w h i c h 
r e f l e c t s the f a c t that the l a n d i s l i m i t e d to n o n - i n t e n s i v e u s e s . A n a l y ­
s i s a s a n i n v e n t o r y p r o b l e m w o u l d be d i r e c t e d t o w a r d d e t e r m i n i n g 
w h e n and w h e r e it w o u l d be m o s t a d v a n t a g e o u s to t h e c o m m u n i t y for 
l a n d to be d i s c o u r a g e d f r o m f r e e c i r c u l a t i o n i n the u r b a n l a n d m a r k e t . 
T h e o t h e r s i d e of the p r o b l e m i n v o l v i n g the l a n d m a r k e t i s to 
d e t e r m i n e w h e n and w h e r e l a n d s h o u l d be e n c o u r a g e d to c i r c u l a t e f r e e l y 
and s e e k to be put to u r b a n u s e . W h e n it i s d e t e r m i n e d that c e r t a i n 
l a n d s h o u l d b e c o m e u r b a n , z o n i n g and t a x i n g p o l i c i e s c o u l d be u s e d to 
e n c o u r a g e t h i s . T h e l a n d w o u l d be z o n e d f o r a n i n t e n s i v e u r b a n u s e 
and a s s e s s e d for t a x p u r p o s e s at r e l a t i v e l y h i g h v a l u e s o n the b a s i s of 
i t s p o t e n t i a l u r b a n u s e . 
In a d d i t i o n to r e g u l a t i n g the s u p p l y of l a n d , p r o b l e m s of w a t e r 
s u p p l y c o u l d a l s o be t r e a t e d a s i n v e n t o r y p r o b l e m s . I n v e n t o r y a n a l y ­
s i s a p p l i e d to the p l a n n i n g of w a t e r s u p p l y p r o j e c t s w o u l d b e n e f i t the 
c o m m u n i t y by i n d i c a t i n g w h e n i t w o u l d be m o s t e c o n o m i c a l to bu i ld 
a d d i t i o n a l f a c i l i t i e s . On the b a s i s of t h i s a n a l y s i s w a t e r p r o j e c t s c o u l d 
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be r e c o m m e n d e d for i n c l u s i o n in the c a p i t a l b u d g e t w i t h s o m e d e g r e e 
of c o n f i d e n c e that the r e c o m m e n d a t i o n w a s s o u n d e c o n o m i c a l l y . T h e 
e x t e n t and t i m i n g of o t h e r p u b l i c p r o j e c t s , a s w e l l , c o u l d be a n a l y z e d 
s c i e n t i f i c a l l y if t r e a t e d a s a n o p e r a t i o n s r e s e a r c h i n v e n t o r y p r o b l e m . 
In both l a n d s u p p l y and p u b l i c w o r k s p r o b l e m s the m o s t e c o n o m i c o v e r ­
a l l t i m i n g and e x t e n t of p r o j e c t s w o u l d be the i d e a l s o u g h t . 
A l l o c a t i o n p r o b l e m s . - - A l l o c a t i o n p r o b l e m s " a r i s e w h e n (a) t h e r e a r e 
a n u m b e r of a c t i v i t i e s to be p e r f o r m e d and t h e r e a r e a l t e r n a t i v e w a y s 
of doing them.and (b) r e s o u r c e s o r f a c i l i t i e s a r e not a v a i l a b l e f o r p e r ­
f o r m i n g e a c h a c t i v i t y in the m o s t e f f e c t i v e w a y . T h e p r o b l e m , t h e n , 
i s to c o m b i n e a c t i v i t i e s and r e s o u r c e s i n s u c h a w a y a s to m a x i m i z e 
24 
o v e r f a l l e f f e c t i v e n e s s . " The c i t y p l a n n i n g a p p l i c a t i o n w h i c h c o m e s 
to m i n d h e r e i s in the p r e p a r a t i o n of the c a p i t a l i m p r o v e m e n t s p r o g r a m . 
C a p i t a l i m p r o v e m e n t p r o g r a m s a r e the p r o g r a m s t h r o u g h w h i c h 
m a n y of the r e s o u r c e s of a c i t y a r e m a d e u s a b l e . C o n s i d e r the p r o b l e m 
of a l l o c a t i n g the w a t e r f r o m a l i m i t e d s u p p l y to a n u m b e r of d i f f e r e n t 
u s e s . S i n c e w a t e r i s o r d i n a r i l y d i s t r i b u t e d t h r o u g h a p u b l i c s y s t e m 
of d a m s , c a n a l s , a c q u a d u c t s , p i p e s , a n d s o f o r t h , the c o n s t r u c t i o n of 
t h e s e f a c i l i t i e s i s at l e a s t a p a r t i a l d e t e r m i n a n t of w a t e r a l l o c a t i o n . 
P a r t of the w a t e r c o u l d be d i r e c t e d to i r r i g a t i o n c a n a l s , p a r t to 
l a r g e i n d u s t r i a l u s e r s , and p a r t to the g e n e r a l d o m e s t i c s y s t e m of 
the c o m m u n i t y . T h i s i s c l e a r l y a n a l l o c a t i o n p r o b l e m w i t h no o b v i o u s 
a n s w e r , but it c a n be s c i e n t i f i c a l l y a n a l y z e d by m a t h e m a t i c a l and 
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o t h e r m e t h o d s w h i c h have b e e n d e v e l o p e d by o p e r a t i o n s r e s e a r c h . 
O t h e r r e s o u r c e s , a s w e l l a s w a t e r , p r e s e n t s i m i l a r p r o b l e m s of a l l o ­
c a t i o n . A n i m p o r t a n t p o i n t to r e m e m b e r i s that t h e r e a r e m a n y k i n d s 
of r e s o u r c e s in a d d i t i o n to n a t u r a l r e s o u r c e s , and w h e n e v e r t h e r e i s 
a l i m i t e d r e s o u r c e of a n y k ind i t s a l l o c a t i o n m a y b e c o m e a c r i t i c a l 
p r o b l e m w h i c h c o u l d be b e s t a n a l y z e d by the a l l o c a t i o n m e t h o d s of 
o p e r a t i o n s r e s e a r c h . 
W a i t i n g - t i m e p r o b l e m s . - - W a i t i n g - t i m e p r o b l e m s " i n v o l v e the a r r i v a l 
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of u n i t s w h i c h r e q u i r e s e r v i c e at one o r m o r e s e r v i c e u n i t s . " E i t h e r 
s e r v i c e o r s e r v e d un i t s o r both m a y o f t e n be r e q u i r e d to w a i t at v a r i o u s 
c o s t s to the w a i t i n g u n i t s . "The p r o b l e m i s to c o n t r o l a r r i v a l s o r to 
d e t e r m i n e the a m o u n t o r o r g a n i z a t i o n of s e r v i c e f a c i l i t i e s w h i c h m i n i -
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m i z e s the s u m of t h e s e " w a i t i n g c o s t s . T r a f f i c p r o b l e m s a r e a m o n g 
the c o n c e r n s of c i t y p l a n n e r s w h i c h c o u l d b e n e f i t by a p p l i c a t i o n of 
o p e r a t i o n s r e s e a r c h w a i t i n g - t i m e t e c h n i q u e s . 
T r a f f i c p r o b l e m s m a y s e e m m o r e the r e s p o n s i b i l i t y of t r a f f i c 
e n g i n e e r s than the r e s p o n s i b i l i t y of c i t y p l a n n e r s and to a d e g r e e t h i s 
i s t r u e . B u t the p l a n n e r ' s i n t e r e s t i s a b r o a d e r o n e than the t r a f f i c 
e n g i n e e r ' s . In o r d e r to be a b l e to r e c o g n i z e the n e e d f o r n e w t r a f f i c -
w a y s and in o r d e r to r e c o m m e n d the type of t r a f f i c w a y n e e d e d , the c i t y 
p l a n n e r m u s t k n o w , at l e a s t i n a g e n e r a l w a y , w h a t c a p a c i t i e s c a n be 
a c h i e v e d o n a n y g i v e n type of s t r e e t , r o a d , o r h i g h w a y . T h e e x p e r i ­
e n c e g a i n e d f r o m w a i t i n g - t i m e a n a l y s i s w i l l d e t e r m i n e t h e s e c a p a c i t i e s 
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to a l a r g e e x t e n t , and it m a y a l s o l e a d to the d i s c o v e r y of n e w t y p e s of 
h i g h w a y s w h i c h c i t y p l a n n e r s w i l l be a b l e to r e c o m m e n d for i m p r o v e d 
t r a f f i c c a r r y i n g c h a r a c t e r i s t i c s . 
It s h o u l d be r e c o g n i z e d that p r o b l e m s of t r a f f i c c a p a c i t y i n v o l v e 
m o r e than e n g i n e e r i n g c o n s i d e r a t i o n s . T h e y i n v o l v e b a s i c p o l i c y q u e s ­
t i o n s a b o u t how l o n g p e o p l e in the c o m m u n i t y a r e w i l l i n g to w a i t i n l i n e s 
of t r a f f i c , and t h e y i n v o l v e a l s o e c o n o m i c q u e s t i o n s i n the n a t u r e of 
c o s t and b e n e f i t a n a l y s i s . S u c h q u e s t i o n s p l a c e l i m i t s o n i m p r o v e m e n t s 
to t r a f f i c w a y s w h i c h a f f e c t c a p a c i t y c o m p u t a t i o n s . 
S i n c e c i t y p l a n n e r s h a v e the o v e r - a l l r e s p o n s i b i l i t y of p l a n n i n g 
a d e q u a t e s y s t e m s of t r a f f i c w a y s f o r c o m m u n i t i e s , t h e y s h o u l d m a k e s u r e 
that w a i t i n g - t i m e a n a l y s i s i s u s e d to a s s e s s c a p a c i t i e s of the t r a f f i c w a y s 
i n the c o m m u n i t y . Without s u c h a n a l y s i s a c i t y p l a n n e r c a n n o t p r e d i c t 
the n e e d for n e w t r a f f i c w a y s o r the e f f e c t s n e w t r a f f i c w a y s w i l l h a v e o n 
the c o m m u n i t y , e x c e p t i n a r o u g h r u l e of t h u m b f a s h i o n . 
A n y o t h e r s e r v i c e f a c i l i t y of a c i t y c o u l d c o n c e i v a b l y b e n e f i t 
f r o m a n a l y s i s by w a i t i n g - t i m e t e c h n i q u e s . M a s s t r a n s i t s y s t e m s , 
s w i m m i n g p o o l s , p a r k s and p l a y g r o u n d s , a u d i t o r i u m s , the c e n t r a l b u s i ­
n e s s d i s t r i c t , and e m p l o y m e n t c e n t e r s a l l s e r v e p e o p l e , but the p e o p l e 
o f t e n m u s t w a i t to be s e r v e d . T h e r e i s doubt that t h e s e f a c i l i t i e s a r e 
g i v i n g s e r v i c e i n the m o s t e f f i c i e n t w a y . C o n s e q u e n t l y , w a i t i n g - t i m e 
t e c h n i q u e s a r e s u g g e s t e d a s a p p r o p r i a t e m e a n s of a n a l y s i s w i t h w h i c h 
to s e e k i m p r o v e m e n t s i n s e r v i c e . 
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A l t h o u g h the c i t y p l a n n e r m a y v e r y w e l l f ind h i m s e l f u n a b l e to 
c a r r y t h r o u g h s u c h d e t a i l e d w a i t i n g - t i m e a n a l y s i s a s w o u l d be n e c e s ­
s a r y , h i s b a s i c i n t e r e s t i n c r e a t i n g a c i t y w h i c h c a n s e r v e i t s p e o p l e 
e f f i c i e n t l y s h o u l d l e a d h i m to s e e k w a i t i n g - t i m e a n a l y s i s of h i s c o m ­
m u n i t y . The i m p o r t a n t th ing for c i t y p l a n n e r s to r e a l i z e i s that w a i t i n g -
t i m e t e c h n i q u e s do e x i s t and that t h e y a r e i n d i s p e n s a b l e to the k ind of 
a n a l y s i s w h i c h w i l l l e a d to d e s i g n of e f f i c i e n t c i t i e s . T h e c i t y p l a n n e r 
s h o u l d s a t i s f y h i m s e l f that t h i s t ype of a n a l y s i s i s b e i n g a p p l i e d to the 
p r o b l e m s of h i s c i t y . 
R e p l a c e m e n t p r o b l e m s . - - R e p l a c e m e n t p r o b l e m s a r e p r o b l e m s w h i c h 
a r e c o n c e r n e d w i t h r e p l a c e m e n t of d e t e r i o r a t i n g o r o b s o l e s c i n g i t e m s 
i n a w a y w h i c h w i l l m i n i m i z e the s u m of the c o s t s of m a i n t a i n i n g o l d 
i t e m s , the c o s t s of l o s s of e f f i c i e n c y of o ld i t e m s s and the c o s t s of 
r e p l a c i n g o ld i t e m s . The c u r r e n t p l a n n i n g p r o b l e m s w h i c h c o u l d b e n e ­
f i t m o s t if t r e a t e d a s o p e r a t i o n s r e s e a r c h r e p l a c e m e n t p r o b l e m s a r e 
u r b a n r e n e w a l p r o b l e m s . 
In o r d e r to g a i n fu l l b e n e f i t s f r o m u r b a n c o m m u n i t i e s , o l d 
s e c t i o n s m u s t be c o n t i n u o u s l y b r o u g h t up to d a t e . O t h e r w i s e t h e y 
b e c o m e b l i g h t e d and t h e i r c o n d i t i o n i n f l u e n c e s n e a r b y s e c t i o n s of the 
c o m m u n i t y l i k e a r o t t e n a p p l e a f f e c t s o t h e r a p p l e s i n the b a r r e l w i t h 
i t . It i s a r e a l p r o b l e m to k n o w w h e n it i s b e s t to u s e t e c h n i q u e s of 
c o n s e r v a t i o n , or the t e c h n i q u e s of r e h a b i l i t a t i o n , o r the t e c h n i q u e s 
of c l e a r a n c e . In c i t y p l a n n i n g l i t e r a t u r e , c o m p a r a t i v e c o s t e s t i m a t e s 
46 
d e m o n s t r a t i n g w h i c h t r e a t m e n t of a n u r b a n r e n e w a l p r o j e c t w o u l d be 
m o s t p r o f i t a b l e in the l o n g r u n to the c o m m u n i t y n e v e r a p p e a r . It 
m u s t be a s s u m e d , t h e r e f o r e , that s u c h e s t i m a t e s a r e not m a d e . The 
m a g n i t u d e of the u r b a n r e n e w a l p r o g r a m i s l a r g e e n o u g h to s u g g e s t 
that m i l l i o n s of d o l l a r s m a y be w a s t e d e a c h y e a r i n the p r o c e s s of 
r e b u i l d i n g c i t i e s . T r e a t i n g u r b a n r e n e w a l p r o b l e m s a s r e p l a c e m e n t 
p r o b l e m s c o u l d c o n c e i v a b l y l e a d to l a r g e s a v i n g s . 
M a i n t e n a n c e p r o b l e m s a r e s p e c i a l c a s e s of r e p l a c e m e n t p r o b ­
l e m s s i n c e t h e y u s u a l l y i n v o l v e r e p l a c e m e n t of a c o m p o n e n t of a 
f a c i l i t y r a t h e r than the w h o l e . T o g i v e one e x a m p l e of p o s s i b l e c i t y 
p l a n n i n g a p p l i c a t i o n s , the s t r e e t m a i n t e n a n c e p r o g r a m of a c i t y m i g h t 
s e r v e the p e o p l e c o n s i d e r a b l y b e t t e r if the p l a n n i n g a g e n c y w e r e to 
s t u d y i t a s a n o p e r a t i o n s r e s e a r c h r e p l a c e m e n t p r o b l e m , g i v i n g e m p h a ­
s i s to the b r o a d p r o b l e m of e f f i c i e n c y , i n c l u d i n g s u c h f a c t o r s a s a u t o ­
m o b i l e r e p a i r c o s t s i n c u r r e d due to bad r o a d s , and s h i f t s of t r a f f i c 
to o t h e r r o u t e s , a s w e l l a s p u b l i c m a i n t e n a n c e c o s t s . 
C o m p e t i t i v e p r o b l e m s . - - C o m p e t i t i v e p r o b l e m s a r e o n e s " in w h i c h 
the e f f i c i e n c y of a d e c i s i o n by one p a r t y i s c a p a b l e of b e i n g d e c r e a s e d 
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by the d e c i s i o n of a n o t h e r p a r t y . " T w o t y p e s of c o m p e t i v e p r o b ­
l e m s h a v e b e e n s t u d i e d . 1) G a m e p r o b l e m s , i n w h i c h the n u m b e r 
of c o m p e t i t o r s , r u l e s of a c t i o n , o u t c o m e s , and b e n e f i t s of o u t c o m e s 
a r e a l l c a p a b l e of b e i n g s p e c i f i e d , h a v e b e e n s t u d i e d e n o u g h s o that a 
g e n e r a l " t h e o r y of g a m e s " h a s b e e n d e v e l o p e d . 2) B i d d i n g p r o b l e m s d i f f e r 
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f r o m g a m e p r o b l e m s i n that the n u m b e r of c o m p e t i t o r s i s not u s u a l l y 
k n o w n , the p o s s i b l e a c t i o n s a r e g e n e r a l l y u n l i m i t e d i n n u m b e r , the 
o u t c o m e of a c t i o n s c a n u s u a l l y o n l y be e s t i m a t e d , and the b e n e f i t s of 
o u t c o m e s a r e not k n o w n w i t h c e r t a i n t y ; but n e v e r t h e l e s s the b e g i n n i n g 
of a t h e o r y of b idding has b e e n s t a r t e d and a l r e a d y s o m e u s e f u l t o o l s 
a r e a v a i l a b l e . 
T h e r e a l m of c i t y p l a n n i n g i n w h i c h c o m p e t i t i v e a n a l y s i s 
m i g h t be u s e f u l i s in t e s t i n g the e f f e c t i v e n e s s of p r o p o s e d m e t h o d s of 
i m p l e m e n t i n g p u b l i c p o l i c i e s . In t h i s p r o b l e m the c o m p e t i t o r s m i g h t 
be of t h r e e t y p e s : (1 ) g o v e r n m e n t a l u n i t s , ( 2 ) s p e c i a l i n t e r e s t s s u c h 
a s b u i l d e r s , b a n k e r s , r e t a i l e r s , o r i n d u s t r i a l i s t s , and ( 3 ) the g e n e r a l 
p u b l i c . A n y p u b l i c p o l i c y w h i c h i s e n f o r c e d c o m p e t e s a g a i n s t s p e c i a l 
i n t e r e s t s , c e r t a i n m e m b e r s of the g e n e r a l p u b l i c , o r both i n a n e f f o r t 
to p r o t e c t the r i g h t s of the c o m m u n i t y a s a w h o l e . In o t h e r w o r d s , 
g o v e r n m e n t s e e k s to s e t up r u l e s and s t r a t e g i e s w h i c h w i l l e n a b l e the 
c o m m u n i t y at l a r g e to w i n b e n e f i t s i n the c o m p e t i t i o n w i t h i n d i v i d u a l i s t i c 
i n t e r e s t s c o n c e i v e d w i t h o u t thought of the c o m m u n i t y i n t e r e s t . 
T o g i v e a s i m p l e e x a m p l e , a b u i l d e r m a y s e e h i s c h a n c e to 
m a k e a n u n u s u a l l y big p r o f i t u s i n g i n f e r i o r c o n s t r u c t i o n m e t h o d s . 
S i n c e the p r o f i t m o t i v e i s o f t e n the m o s t i m p o r t a n t m o t i v e of a b u s i n e s s ­
m a n , i t i s n a t u r a l for the b u i l d e r to s e e k t h i s p r o f i t . In d o i n g s o , h o w ­
e v e r , he c a u s e s the c o m m u n i t y to s u f f e r . T h e c o m m u n i t y r e t a l i a t e s 
w i t h b u i l d i n g r e g u l a t i o n s . 
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T h i s i s the b e g i n n i n g of a c o m p e t i t i v e s i t u a t i o n , and it l e a d s to 
a s e q u e n c e of q u e s t i o n s . What w i l l be the b u i l d e r ' s r e a c t i o n to the 
r e g u l a t i o n s ? A r e the b u i l d i n g r e g u l a t i o n s g i v i n g the c o m m u n i t y the 
d e s i r e d p r o t e c t i o n ? I s the g o v e r n m e n t d e f e a t i n g s o m e c o m m u n i t y 
g o a l s , s u c h a s e c o n o m i c a l c o n s t r u c t i o n , by i n s i s t i n g o n b u i l d i n g r e g u ­
l a t i o n s w h i c h a r e m o r e r e s t r i c t i v e than n e c e s s a r y ? H o w d o e s the p u b l i c 
r e a c t to the r e g u l a t i o n s ? C a n p e o p l e a f f o r d to p a y for b u i l d i n g s c o n ­
s t r u c t e d i n a c c o r d a n c e w i t h the r e g u l a t i o n s ? I s it p o s s i b l e to e n f o r c e 
the r e g u l a t i o n s ? 
G a m e t h e o r y and b idd ing t h e o r y a r e a p p r o p r i a t e t o o l s w i t h w h i c h 
to i n v e s t i g a t e s u c h q u e s t i o n s . C i t y p l a n n e r s s h o u l d take the r e s p o n s i ­
b i l i t y of s e e k i n g s c i e n t i f i c a n s w e r s to the a b o v e q u e s t i o n s . 
S u m m a r y . - - R e a l s y s t e m s of p r o b l e m s u s u a l l y i n v o l v e m o r e t h a n o n e 
of t h e s e f i v e p r o b l e m t y p e s . T h e u s u a l p r o c e d u r e i n o p e r a t i o n s r e s e a r c h 
at the p r e s e n t t i m e i s to h a n d l e a s y s t e m of p r o b l e m s a s a m e r e s e q u e n c e 
of p r o b l e m s . But e v e n s o , o p e r a t i o n s r e s e a r c h e r s r e c o g n i z e the n e e d 
for d e v e l o p i n g m o d e l s w h i c h i n c o r p o r a t e d i f f e r e n t t y p e s of p r o b l e m s . 
T h e r e a p p e a r s to be no o t h e r w a y to a r r i v e at t r u e o p t i m u m s o l u t i o n s to 
a s y s t e m of p r o b l e m s . 
T h e p r o b l e m s o l u t i o n s w h i c h o p e r a t i o n s r e s e a r c h i s a b l e to p r o ­
d u c e v e r y o f t e n a r e the r e s u l t s of a p p l y i n g e s p e c i a l l y p o w e r f u l m a t h e ­
m a t i c a l t e c h n i q u e s . T o n a m e a f e w of t h e s e t e c h n i q u e s , l i n e a r , d y n a ­
m i c , and q u a d r a t i c p r o g r a m i n g a r e the m a t h e m a t i c a l t e c h n i q u e s u s e d 
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to s o l v e i n v e n t o r y and a l l o c a t i o n p r o b l e m s . W a i t i n g - t i m e p r o b l e m s 
r e q u i r e the u s e of q u e u e i n g t h e o r y , s e q u e n c i n g t h e o r y , and l i n e - b a l a n c ­
ing t h e o r y . The m a t h e m a t i c a l t e c h n i q u e s of g a m e t h e o r y a n d b i d d i n g 
t h e o r y have a l r e a d y b e e n m e n t i o n e d in c o n n e c t i o n w i t h c o m p e t i v e p r o b ­
l e m s . 
O p e r a t i o n s r e s e a r c h i s not l i m i t e d to s o l v i n g the f i v e p r o b l e m s 
m e n t i o n e d h e r e nor a r e the t e c h n i q u e s m e n t i o n e d n e c e s s a r i l y l i m i t e d 
to u s e w i t h a s i n g l e type of p r o b l e m . The s u c c e s s of o p e r a t i o n s r e s e a r c h 
l i e s w i t h i t s a b i l i t y to adapt t e c h n i q u e s f r o m o n e t y p e of p r o b l e m to 
a n o t h e r . I m a g i n a t i o n i s the k e y . 
C i t y p l a n n e r s s h o u l d k e e p a b r e a s t of n e w d e v e l o p m e n t s in o p e r a ­
t i o n s r e s e a r c h and of a p p l i c a t i o n s of i t s m e t h o d s to c i t y p l a n n i n g and 
r e l a t e d p r o b l e m s s o that t h e y w i l l be a b l e to take a d v a n t a g e of the 
p r o m i s i n g t e c h n i q u e s l i s t e d i n th i s s e c t i o n of the t h e s i s . B u t b e y o n d 
t h i s , c i t y p l a n n e r s s h o u l d e n c o u r a g e r e s e a r c h p r o j e c t s s p e c i f i c a l l y 
a i m e d t o w a r d d e v e l o p i n g c i t y p l a n n i n g a p p l i c a t i o n s of the t e c h n i q u e s . 
P r e s e n t i n g D a t a (the C o m m u n i c a t i o n F u n c t i o n ) 
P r e s e n t a t i o n of d a t a i s m o r e i m p o r t a n t t h a n o r d i n a r i l y r e a l i z e d . 
V i s u a l i z a t i o n in the m i n d of a c i t y p l a n n e r d o e s not a l w a y s c o m e e a s i l y , 
and e s p e c i a l l y i s t h i s t r u e w h e n n e w i d e a s a r e b e i n g e x p l a i n e d or s o u g h t . 
F l e x i b i l i t y , e c o n o m y , a n d s p e e d a r e a l l i m p o r t a n t p a r t s of e f f e c t i v e 
p r e s e n t a t i o n of d a t a . F l e x i b i l i t y i s i m p o r t a n t b e c a u s e it a l l o w s p r e s e n ­
t a t i o n to take a n y f o r m the m i n d c a n c o n c e i v e . E c o n o m y i s i m p o r t a n t 
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b e c a u s e i t r e m o v e s the m e n t a l b l o c k (and a d m i n i s t r a t i v e b l o c k ) a g a i n s t 
" w a s t e f u l f r i l l s " of p r e s e n t a t i o n . A n d s p e e d i s i m p o r t a n t b e c a u s e i t 
h e l p s the p l a n n e r to r e e n f o r c e h i s t h i n k i n g a s t h o u g h t s c o m e to h i m , 
i n s t e a d of f ind ing i t n e c e s s a r y to s l o w h i s m e n t a l p r o c e s s e s (and p e r ­
haps f o r g e t g o o d i d e a s ) a t a c r u c i a l m o m e n t of c r e a t i v i t y . T h u s it i s 
that e f f e c t i v e p r e s e n t a t i o n of da ta s t i m u l a t e s p l a n n i n g i d e a s w h i l e i n ­
e f f e c t i v e p r e s e n t a t i o n s l o w s c r e a t i v e p r o c e s s e s . 
E x p e r i m e n t a t i o n i n w a y s t o p r e s e n t d a t a , s o t h e y c a n be i n t e r ­
c h a n g e d , c o m p a r e d , and c o n t r a s t e d w i t h f r e e d o m , i s a n e x t r e m e l y 
i m p o r t a n t t o o l of c o n c e p t u a l i z a t i o n . W a y s of p r e s e n t i n g d a t a w h i c h 
g i v e p l a n n e r s a h igh d e g r e e of f r e e d o m c o u l d l e a d to v e r y p r o d u c t i v e 
th ink ing and e v e n a c c i d e n t a l d i s c o v e r i e s . 
In a d d i t i o n to a i d i n g p l a n n e r s w i t h t h e i r c r e a t i v e t a s k s , e f f e c ­
t i v e p r e s e n t a t i o n of d a t a a i d s p l a n n e r s w h o a r e c o n c e r n e d w i t h the 
e v e r y d a y o p e r a t i o n s of a s s e s s i n g the p r o g r e s s t o w a r d i m p l e m e n t a t i o n 
of a p l a n a n d k e e p i n g t r a c k of c r u c i a l m a r k e t c o n d i t i o n s w h i c h m i g h t 
c a l l f o r p u b l i c p o l i c y a d j u s t m e n t s . S i n c e p l a n n e r s a r e not a b l e to h a v e 
f i r s t - h a n d k n o w l e d g e of a l l o c c u r r e n c e s h a v i n g a b e a r i n g o n p l a n n i n g 
d e c i s i o n s , t h e y m u s t d e p e n d l a r g e l y o n the d a t a p r e s e n t e d to t h e m . 
T h e y m a y n e e d a c c u r a t e d a t a o n l y a n n u a l l y o r s e m i - a n n u a l l y , o r 
t h e y m a y n e e d i t w e e k l y , d a i l y , o r h o u r l y , d e p e n d i n g on the s t a b i l i t y 
of the s i t u a t i o n a n d the a b i l i t y to p r e d i c t the f u t u r e . T h e w a y i n 
w h i c h d a t a a r e p r e s e n t e d to p l a n n e r s c o n c e r n e d w i t h e v e r y d a y 
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s i t u a t i o n s d e t e r m i n e s the p l a n n e r s ' c o n c e p t of the s i t u a t i o n . T h u s , i t 
i s i m p o r t a n t that the d a t a p r e s e n t e d to t h e m be e a s i l y u n d e r s t o o d and 
u p - t o - d a t e . A g a i n f l e x i b i l i t y , e c o n o m y , and s p e e d a r e i m p o r t a n t f a c t o r s 
i n the s c h e m e of p r e s e n t i n g d a t a . 
T h e a b o v e c o n s i d e r a t i o n s h a v e l e d to the d e s i g n and i n s t a l l a t i o n 
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of a "planning c o n t r o l r o o m " by the R a m o - W o o l d r i d g e C o r p o r a t i o n . 
The r o o m i s u s e d p r i m a r i l y to g i v e e x e c u t i v e s a c l e a r o v e r a l l c o n c e p t 
of the c o m p a n y ' s p r o g r e s s s o that t h e y h a v e a c c u r a t e , u p - t o - d a t e i n f o r ­
m a t i o n o n w h i c h to b a s e d e c i s i o n s . B u t , i n a d d i t i o n , the r o o m ' s p o t e n ­
t i a l i t y a s a n a i d to the c o m p a n y ' s p l a n n i n g s taf f i s r e c o g n i z e d . 
T h e p l a n n i n g c o n t r o l r o o m i s l i n e d o n t h r e e s i d e s w i t h 26 s l i d i n g 
p a n e l s of v a r i o u s t y p e s and f i v e f i x e d p a n e l s . A l l of t h e s e p a n e l s a r e 
s p e c i a l l y a d a p t e d to o n e kind o r a n o t h e r of v i s u a l p r e s e n t a t i o n of d a t a . 
M o s t of the p a n e l s a r e f o u r and o n e half b y s i x f e e t . A l t o g e t h e r t h e r e 
a r e "711 s q u a r e f e e t of r e p r e s e n t a t i o n s u r f a c e , a n y p a r t of w h i c h i s 
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i m m e d i a t e l y a v a i l a b l e . " T w e n t y a d d i t i o n a l p a n e l s c a n be s u b s t i t u t e d 
for o t h e r s l i d i n g p a n e l s i n a m a t t e r of s e v e r a l m i n u t e s . 
F i v e d i f f e r e n t t y p e s of p a n e l s a r e u s e d i n the p l a n n i n g c o n t r o l 
r o o m . S p e c i a l l y f i n i s h e d m a s o n i t e p a n e l s a r e the b a s i c un i t , c o m ­
p r i s i n g about t h r e e - q u a r t e r s of the t o t a l n u m b e r of p a n e l s . T h e y c a n 
be m a r k e d w i t h g r e a s e p e n c i l s a n d o t h e r d e v i c e s , and c a n be e a s i l y 
e r a s e d . T h e m a s o n i t e p a n e l s a r e u s e d for n u m e r i c a l t a b u l a t i o n s , 
g r a p h s , and m a n y o t h e r k i n d s of v i s u a l r e p r e s e n t a t i o n . 
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C h a n g e a b l e - l e t t e r " m e n u b o a r d s " a r e u s e d to p r e s e n t t a b u l a r 
data c o m p o s e d of m a n y f r e q u e n t l y r e v i s e d n u m b e r s . 
T h e m a g n e t i c b o a r d s w h i c h a r e u s e d a r e e s p e c i a l l y w e l l s u i t e d 
to p r e s e n t a t i o n of bar g r a p h s , o r g a n i z a t i o n c h a r t s , i r r e g u l a r f o r m s , 
and o t h e r s p e c i a l o b j e c t s w h i c h c a n be h e l d to the b o a r d by a m a g n e t . 
One un ique a d v a n t a g e of the m a g n e t i c b o a r d s i s that w h a t e v e r i s d i s ­
p l a y e d o n t h e m c a n be m o v e d e a s i l y to a d i f f e r e n t p o s i t i o n . 
C h a l k b o a r d s a r e a n o t h e r type of p a n e l u s e d . 
T r a n s p a r e n t p a n e l s a r e u s e d w h e n o v e r l a y s a r e n e e d e d a s a 
m e t h o d of d i r e c t c o m p a r i s o n of i n f o r m a t i o n , and a p r o j e c t i o n s c r e e n 
i s p r o v i d e d for the s h o w i n g of p h o t o g r a p h i c f i l m s . 
B e a v e r b o a r d p a n e l s , t h o u g h not u s e d i n the R a m o - W o o l d r i d g e 
r o o m , w o u l d be u s e f u l f o r d i s p l a y i n g m a p s . 
M o s t of the p l a n n i n g c o n t r o l r o o m p a n e l s a t R a m o - W o o l d r i d g e 
a r e i n c o n s p i c u o u s l y m a r k e d w i t h a g r i d s y s t e m to a i d in s e t t i n g up 
d i s p l a y s i n a h u r r y . G e n e r a l l y , a l l the d i s p l a y s a r e g r a p h i c a l l y p r o ­
d u c e d , i n the p l a n n i n g c o n t r o l r o o m d i r e c t l y o n the p a n e l s , a t g r e a t 
s a v i n g s in t i m e . A l l the d i s p l a y s c a n be r e v i s e d o r e r a s e d e a s i l y 
and q u i c k l y . A l s o , a l l the d i s p l a y s a r e m a d e s o that b l a c k and w h i t e 
p h o t o g r a p h s of t h e m w i l l be r e a d a b l e . S u c h p h o t o g r a p h s c a n be d i s ­
t r i b u t e d for d e t a i l e d s t u d y b y i n d i v i d u a l s w i t h o u t g r e a t e x p e n s e o r 
d e l a y i n t i m e . 
T h e c o s t to R a m o - W o o l d r i d g e f o r i n s t a l l i n g the p l a n n i n g c o n t r o l 
r o o m i n i t s o f f i c e s w a s $ 6 , 500 and i t s m o n t h l y o p e r a t i o n , e x c l u s i v e of 
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s a l a r i e s , i s about $ 5 0 . Such, a s m a l l c o s t i s h a r d l y i n d i c a t i v e of the 
g r e a t v a l u e of a p l a n n i n g c o n t r o l r o o m . C i t y p l a n n i n g a g e n c i e s w o u l d 
do w e l l to put m o r e e m p h a s i s o n t h e s e v a l u a b l e m e t h o d s of da ta p r e ­
s e n t a t i o n . 
C a s e S t u d i e s (a S u p p l e m e n t to S t a t i s t i c s ) 
S t a t i s t i c s do not a l w a y s g i v e the k ind of i n f o r m a t i o n that i s 
n e e d e d . It i s the p u r p o s e of s t a t i s t i c s to s u m m a r i z e d a t a i n s u c h a 
w a y that m e a n i n g f u l g e n e r a l i z a t i o n s a p p e a r . But t h e r e a r e t i m e s w h e n 
a g e n e r a l i z a t i o n i s not s u f f i c i e n t . D e t a i l s have t h e i r i m p o r t a n c e a l s o . 
It i s o f t e n t r u e that the m e a n i n g of a g e n e r a l i z a t i o n i s not a p p a r e n t u n t i l 
the d e t a i l s b e h i n d it a r e f u l l y u n d e r s t o o d . A t o t h e r t i m e s , o n l y a n i n t i ­
m a t e k n o w l e d g e of d e t a i l s c a n s u g g e s t a n y g e n e r a l i z a t i o n at a l l . A n d 
t h e n a g a i n , t h e r e a r e s u b j e c t s about w h i c h s o l i t t l e i s k n o w n that t h e r e 
a r e not n e a r l y e n o u g h f a c t s a v a i l a b l e for a g e n e r a l i z a t i o n ; o n l y a s t u d y 
of p a r t i c u l a r d e t a i l s i s h e l p f u l . In a l l t h e s e i n s t a n c e s , c a s e s t u d i e s a r e 
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n e e d e d . 
C a s e s t u d i e s a r e i n d i v i d u a l s t u d i e s , d e s c r i b i n g s i t u a t i o n s i n 
g r e a t d e t a i l , and f o c u s i n g , not o n the d e s c r i p t i o n i t s e l f , but on the 
p r o b l e m b e i n g s t u d i e d . Of c o u r s e , the d e g r e e to w h i c h the c a s e c a n 
be f o c u s e d d e p e n d s o n how w e l l the p r o b l e m h a s b e e n f o r m u l a t e d . 
F a c t s a r e s e l e c t e d o b j e c t i v e l y and the d e s c r i p t i o n i s m a d e a s r e a l i s t i c 
a s p o s s i b l e . A c c u r a c y i n r e p o r t i n g i s e x t r e m e l y i m p o r t a n t to the 
u s e f u l n e s s of c a s e s t u d i e s . O f t e n c a s e s t u d i e s a r e u n d e r t a k e n in 
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s i t u a t i o n s w h e r e the r e l i a b i l i t y of d i f f e r e n t s o u r c e s of i n f o r m a t i o n i s 
not k n o w n . In s u c h c a s e s c r o s s c h e c k i n g of i n f o r m a t i o n , u s i n g s e v e r a l 
s o u r c e s , i s r e q u i r e d . C r o s s c h e c k i n g i s a l s o h i g h l y d e s i r a b l e a m o n g 
the p e r s o n n e l c o n d u c t i n g the c a s e s t u d y to s e e that t h e i r b i a s e s a r e not 
d a m a g i n g the o b j e c t i v i t y of the s t u d y . 
A n u m b e r of m e t h o d s a r e u s e d f o r c o n d u c t i n g c a s e s t u d i e s , 
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and c o m b i n a t i o n s of t h e m a r e a l s o u s e d . In s o m e s i t u a t i o n s w r i t t e n 
m a t e r i a l s s u c h a s n e w s p a p e r s , d i a r i e s , l e t t e r f i l e s , e t c . a r e the o n l y 
s o u r c e s u s e d . In o t h e r s i t u a t i o n s i n t e r v i e w s a r e u s e d e x t e n s i v e l y . In 
s t i l l o t h e r s i t u a t i o n s o b s e r v e r s at the s c e n e of a c t i o n a r e u s e d . If the 
o b s e r v e r s p a r t i c i p a t e in the a c t i o n a s m e m b e r s of the g r o u p b e i n g 
o b s e r v e d , the m e t h o d i s c a l l e d the p a r t i c i p a n t - o b s e r v e r m e t h o d ; o t h e r ­
w i s e the m e t h o d i s c a l l e d the n o n p a r t i c i p a n t - o b s e r v e r m e t h o d . In 
s o m e c a s e s t u d i e s u n t r a i n e d m e m b e r s of g r o u p s h a v e b e e n a s k e d to 
r e c o r d t h e i r o b s e r v a t i o n s of the s i t u a t i o n s t h e y h a v e b e e n i n . O t h e r 
s t u d i e s have u s e d o n l y t r a i n e d o b s e r v e r s i n the u s e of p a r t i c i p a n t -
o b s e r v e r m e t h o d s . A n t h r o p o l o g y , s o c i o l o g y , b u s i n e s s and p u b l i c 
a d m i n i s t r a t i o n s c h o l a r s h a v e m a d e the m o s t u s e of c a s e s t u d y m e t h o d s . 
S u m m a r y 
S u m m a r i z i n g t h i s c h a p t e r on " I n v e n t o r y a n d A n a l y s i s of a 
G i t y ' s R e s o u r c e s " c a n b e s t be done by p r e s e n t i n g a s h o r t s k e t c h of 
a t y p i c a l d a t a p r o c e s s i n g s y s t e m . In d i a g r a m m a t i c f o r m the d a t a 
p r o c e s s i n g s y s t e m a p p e a r s a s f o l l o w s . 
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Input 
S t a g e 
P r o c e s s i n g S t a g e 
Output 
S t a g e 
M a n u a l o r 
A u t o m a t i c 
Input 
S t o r a g e 
J 
Input 
A r i t h m e t i c 
and 
L o g i c 
7 
Output 
S w i t c h i n g & C o n t r o l 
O b s e r v a b l e 
Output 
F i g . 4 T y p i c a l D a t a P r o c e s s i n g S y s t e m 
S o u r c e : G. K o z m e t s k y and P . K i r c h e r , E l e c t r o n i c C o m p u t e r s a n d 
M a n a g e m e n t C o n t r o l . N e w Y o r k : M c G r a w - H i l l B o o k C o m p a n y , 
1 9 5 6 , p . 19 . 
M o r e w i l l be s a i d i n C h a p t e r II a b o u t the d e t a i l s of how c o m p o ­
n e n t s of a n e l e c t r o n i c c o m p u t e r o p e r a t e i n the v a r i o u s p a r t s of the 
b l o c k d i a g r a m a b o v e . O n l y a g e n e r a l i d e a w i l l be g i v e n h e r e . Input 
c o m p o n e n t s v a r y a l l the w a y f r o m k e y s s i m i l a r to t h o s e of a d e s k c a l ­
c u l a t o r to c o m p l e t e l y a u t o m a t i c m a c h i n e s w h i c h r e c o r d data d i r e c t l y 
at i t s s o u r c e and t r a n s m i t i t to the c o m p u t e r in a c o d e the c o m p u t e r 
c a n u n d e r s t a n d . The c o m p u t e r i t s e l f s t o r e s i n f o r m a t i o n for u s e at 
a l a t e r t i m e , p e r f o r m s a r i t h m e t i c a l and l o g i c a l o p e r a t i o n s , and o p e r a t e s 
i n a c c o r d a n c e w i t h b u i l t - i n c o n t r o l s . Output c o m p o n e n t s t r a n s m i t the 
r e s u l t s of the c o m p u t e r ' s w o r k f r o m the c o m p u t e r to a m a c h i n e w h i c h 
d e c o d e s the i n f o r m a t i o n in to a n u n d e r s t a n d a b l e r e p o r t w h i c h i s t h e n 
d i s p l a y e d . 
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In t h i s c h a p t e r the t h r e e m a j o r s e c t i o n s ( b a s i c s t u d i e s , m a r k e t 
s t u d i e s , and p r e s e n t i n g data ) c o r r e s p o n d to the t h r e e s t a g e s of the 
data p r o c e s s i n g s y s t e m j u s t d e s c r i b e d . The b a s i c s t u d i e s s e c t i o n i s 
c o n c e r n e d w i t h g e t t i n g data t o g e t h e r and r e a d y for a n a l y s i s or p r o c e s ­
s i n g . The m a r k e t s t u d i e s s e c t i o n i s c o n c e r n e d w i t h a n a l y z i n g the data 
to find c o m p a r i s o n s and r e l a t i o n s h i p s and to s o l v e p r o b l e m s . A n d 
f i n a l l y , the data p r e s e n t a t i o n s e c t i o n i s c o n c e r n e d w i t h m a k i n g the 
r e s u l t s of a n a l y s i s a v a i l a b l e to c i t y p l a n n e r s , a d m i n i s t r a t o r s , and 
o t h e r s in u s e f u l w a y s . 
C H A P T E R III 
C O N T I N U I N G I N V E N T O R Y A N D A N A L Y S I S 
"The p l a n n i n g a g e n c y s h o u l d p e r p e t u a l l y s c a n the c o m m u n i t y f o r 
i n d i c a t i o n s of m a l a d j u s t m e n t . "^ With t h i s s t a t e m e n t M a r t i n M e y e r s o n 
s u m s up h i s i d e a of the p u l s e - t a k i n g f u n c t i o n . It i s h i s i d e a that c i t y 
p l a n n i n g a g e n c i e s c a n r e c o g n i z e p r o b l e m s in the o p e r a t i o n of c o m m u ­
n i ty m a r k e t s , b e f o r e t h e y g a t h e r m o m e n t u m t o o g r e a t to s t o p , by m a k ­
ing q u a r t e r l y o r o t h e r p e r i o d i c r e p o r t s o n s u c h s u b j e c t s a s " F a i l u r e s 
of f i r m s , i n c r e a s e d c o n g e s t i o n , i n c i p i e n t c h a n g e s i n l a n d u s e , /_andJ7 
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n e w d e m a n d s f o r s e r v i c e s . " In a d d i t i o n to d e t e r m i n i n g n e e d e d a l t e r a ­
t i o n s i n the c o m m u n i t y , the p u r p o s e of i n v e s t i g a t i n g t h e s e s u b j e c t s w o u l d 
be to f o c u s a t t e n t i o n o n p u b l i c p o l i c y for r e m e d i a l a c t i o n . The p u l s e -
tak ing f u n c t i o n w o u l d s p e a r h e a d p o l i c y a s w e l l a s t e c h n i c a l d e c i s i o n s . 
T h r o u g h the p u l s e - t a k i n g f u n c t i o n , c i t y p l a n n e r s o u g h t to a n t i c i p a t e 
p r o b l e m s s o that t h e y a r e a b l e to c o r r e c t s i t u a t i o n s b e f o r e a c r i s i s 
c o n f r o n t s t h e m . 
A s in C h a p t e r II i t i s a s s u m e d h e r e that the t e r m " c o m m u n i t y 
m a r k e t s " r e f e r s to the m e a n s of d i s t r i b u t i n g a l l k i n d s of r e s o u r c e s 
i n the c o m m u n i t y . A l s o it i s a s s u m e d that the p u l s e - t a k i n g f u n c t i o n 
i s m o r e of a w a r n i n g d e v i c e than a d e v i c e for f ina l d i a g n o s i s a n d a n a l y ­
s i s of p r o b l e m s . I n s o m e c a s e s the p u l s e - t a k i n g data m a y be s o w e l l 
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i n c o r p o r a t e d i n t o c e r t a i n m a r k e t t h e o r i e s that no a d d i t i o n a l a n a l y s i s 
w i l l be n e e d e d . B u t n o r m a l l y p u l s e - t a k i n g w i l l o n l y s u p p l y d a t a w h i c h 
i n d i c a t e that m o r e s t u d y i s n e e d e d o n the p r o b l e m . S p e c i f i c a l l y , i n 
c a s e s w h e r e it i s not e c o n o m i c a l to k e e p i n v e n t o r i e s of r e s o u r c e s 
c o m p l e t e l y u p - t o - d a t e , t r e n d s m i g h t be e s t a b l i s h e d f o r the v a r y i n g 
s t a t u s of a r e s o u r c e and e x t e n d e d i n t o the f u t u r e w i t h the i d e a that 
r o u g h i n d i c i e s of the r e s o u r c e be kept p e r p e t u a l l y for c o m p a r i s o n . 
P l a n s b a s e d o n the e s t a b l i s h e d t r e n d s w o u l d c o n t i n u e to be e x e c u t e d 
s o l o n g a s the i n d i c a t o r s c o n f i r m e d the t r e n d s , but a s s o o n a s the 
i n d i c a t o r s b e g a n to d i s a g r e e s i g n i f i c a n t l y w i t h the t r e n d s , a c o m p l e t e 
r e v i s i o n of the i n v e n t o r i e s i n v o l v e d and r e a p p r a i s a l of p l a n s w o u l d 
be c a l l e d f o r . With a s y s t e m l i k e th i s in o p e r a t i o n m a n y c i t i e s m i g h t 
n e e d c o m p l e t e i n v e n t o r y s u r v e y s no m o r e f r e q u e n t l y than at t e n 
y e a r i n t e r v a l s , and p e r h a p s t h e s e s u r v e y s c o u l d be d o n e a s p a r t of 
r e g u l a r c e n s u s e n u m e r a t i o n s . 
A n a l o g y of Q u a l i t y C o n t r o l 
The p u l s e - t a k i n g f u n c t i o n of c i t y p l a n n i n g i s a n a l o g o u s to the 
q u a l i t y c o n t r o l f u n c t i o n of i n d u s t r i a l e n g i n e e r i n g i n that both a r e 
p r o c e s s e s of m e a s u r i n g r e p e t i t i v e e v e n t s , a s t h e y h a p p e n , for the 
p u r p o s e of e v a l u a t i n g the e v e n t s and c o n t r o l l i n g t h e m i n s o far a s 
p o s s i b l e . A b r i e f d e s c r i p t i o n of q u a l i t y c o n t r o l i s g i v e n b e l o w . 
The d e s c r i p t i o n i s i n t e n d e d to i n t r o d u c e th i s p o t e n t i a l l y u s e f u l c o n c e p t 
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in to c i t y p l a n n i n g l i t e r a t u r e in o r d e r to he lp c l a r i f y the p u r p o s e of the 
p u l s e - t a k i n g f u n c t i o n and to s t i m u l a t e f u r t h e r s t u d y of the c o n c e p t and 
d e v e l o p m e n t of t e c h n i q u e s a p p l i c a b l e to c i t y p l a n n i n g . 
I n d u s t r i a l q u a l i t y c o n t r o l i s b a s e d o n s t a t i s t i c a l s a m p l i n g p r o -
3 
c e d u r e s w h i c h have b e e n s i m p l i f i e d to a n e a s i l y a p p l i e d r o u t i n e . A 
d e v i c e c a l l e d the c o n t r o l c h a r t g r a p h i c a l l y d e p i c t s p r o d u c t i o n s a m p l e s 
i n a w a y w h i c h m a k e s it e a s y to s e e w h e n p r o d u c t i o n g o e s out of c o n ­
t r o l o r i s about to do s o . The c o n t r o l c h a r t i d e a i s v e r y s i m i l a r to 
the m a r k e t t r e n d a n a l y s i s p r o c e d u r e d e s c r i b e d i n C h a p t e r I I , e x c e p t 
that c o n t r o l c h a r t s d e p i c t s a m p l e s i n s t e a d of c o m p l e t e r e c o r d s of 
s a l e s . S i m i l a r to the t r e n d l i n e of the m a r k e t t r e n d g r a p h , the m e a n 
l i n e of the c o n t r o l c h a r t s p e c i f i e s e x p e c t e d o c c u r r e n c e s . A b o v e and 
b e l o w the m e a n l i n e ( t h r e e s t a n d a r d d e v i a t i o n s for m o s t i n d u s t r i a l 
a p p l i c a t i o n s ) l i m i t l ines a r e p l a c e d to w a r n of p o o r c o n t r o l i n q u a l i t y . 
W h e n p r o d u c t i o n s a m p l e s f a l l o u t s i d e the c o n t r o l l i m i t s o r w h e n a 
n u m b e r of c o n s e c u t i v e s a m p l e s f a l l o n o n e s i d e of the m e a n l i n e , i t 
m e a n s that s o m e t h i n g i s c a u s i n g l o s s of c o n t r o l w h i c h w i l l r e s u l t 
i n d e v i a t i o n f r o m p r o d u c t i o n s p e c i f i c a t i o n s . A p r o d u c t i o n o p e r a t i o n 
w h i c h i s u n d e r c o n t r o l i s o n e i n w h i c h d e v i a t i o n s f r o m the m e a n a r e 
r a n d o m , that i s , c a u s e d by c h a n c e . T h u s , the d i s t r i b u t i o n of s a m p l e s 
a r o u n d the m e a n s h o u l d a p p r o x i m a t e the n o r m a l d i s t r i b u t i o n c u r v e 
w h e n p r o d u c t i o n i s u n d e r c o n t r o l . If the d i s t r i b u t i o n i s s k e w e d , a 
p r e v e n t a b l e c a u s e i s a s s u m e d to e x i s t . 
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F o l l o w i n g a r e two c o n t r o l c h a r t s . The f i r s t d e p i c t s c o n t r o l l e d 
p r o d u c t i o n and the s e c o n d d e p i c t s p r o d u c t i o n w h i c h i s out of c o n t r o l . 
Q u a l i t y 
U p p e r L i m i t 
M e a n L i n e • 
L o w e r L i m i t 
Q u a l i t y 
T i m e 
U p p e r L i m i t 
M e a n L i n e 
L o w e r L i m i t * 
T i m e 
F i g . 5 C o n t r o l C h a r t s U s e d i n I n d u s t r i a l Q u a l i t y C o n t r o l 
A p p l i e d to the b r o a d f i e l d of m a r k e t a n a l y s i s d e s c r i b e d i n 
C h a p t e r II, the c o n t r o l c h a r t i d e a c o u l d be u s e d a s a c o n v e n i e n t 
m e t h o d of g r a p h i c a n a l y s i s to s h o w w h e n s a m p l e s of m a r k e t c h a r a c ­
t e r i s t i c s i n d i c a t e the p r e s e n c e of c a u s e s b r i n g i n g a b o u t c h a n g e in 
m a r k e t t r e n d s . E a c h s a m p l e of m a r k e t c o n d i t i o n s g a t h e r e d c o u l d 
be p l o t t e d o n a c o n t r o l c h a r t , the m e a n l i n e of w h i c h r e p r e s e n t s 
a n a d o p t e d s t a n d a r d of l o t s i z e , f l o o r a r e a p e r d w e l l i n g u n i t , p a r k ­
ing s p a c e p e r r e t a i l e s t a b l i s h m e n t , o r s o m e o t h e r s p e c i f i e d i t e m 
w h i c h the p lann ing a g e n c y w i s h e d to c o n t r o l . T h e s t a n d a r d c o u l d be 
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e i t h e r a f o r m a l l y a d o p t e d o n e (an o r d i n a n c e ) o r m e r e l y a n e x p e r i m e n t a l 
s p e c i f i c a t i o n u s e d for c o m p a r i s o n w i t h u n c o n t r o l l e d o c c u r r e n c e s . P r e ­
s u m a b l y the f o r m a l l y a d o p t e d s t a n d a r d w o u l d be e n f o r c e d , a s for i n ­
s t a n c e m i n i m u m l o t s i z e i s e n f o r c e d u n d e r z o n i n g r e g u l a t i o n s . H o w ­
e v e r , if f o r c e s in the c o m m u n i t y w e r e e f f e c t i v e in r a i s i n g o r l o w e r i n g 
the a v e r a g e s i z e of l o t s (or o t h e r s p e c i f i c a t i o n ) the s a m p l e s would be 
r e c o r d e d i n a s k e w e d p a t t e r n o n t h e c o n t r o l c h a r t . W h e r e a s r a n d o m 
v a r i a t i o n s w o u l d i n d i c a t e o n l y n o r m a l l y e x p e c t e d e x c e p t i o n s to the 
s p e c i f i c a t i o n , s k e w e d v a r i a t i o n s w o u l d i n d i c a t e s p e c i f i c a t i o n s h a v i n g 
s t a n d a r d s t o o l o w o r t o o h i g h , p o o r z o n i n g a d m i n i s t r a t i o n , o r o t h e r 
c a u s e s of b i a s a g a i n s t the s p e c i f i c a t i o n . T h u s the c o n t r o l c h a r t c o u l d 
be u s e d to e v a l u a t e how r e a l i s t i c o r how e f f e c t i v e p l a n n i n g c o n t r o l s 
a r e . T h e a n a l y s i s c o u l d t h e n be u s e d a s a g u i d e to i m p r o v i n g e n f o r c e ­
m e n t of c o n t r o l m e a s u r e s o r r e a d j u s t i n g the s t a n d a r d s of c o n t r o l . O n 
the o t h e r hand, if s t a n d a r d s s p e c i f i e d o n the c o n t r o l c h a r t a r e m e r e l y 
e x p e r i m e n t a l r a t h e r t h a n a d o p t e d p o l i c y of the c i t y , c o n t r o l c h a r t 
a n a l y s i s c o u l d be u s e d a s a n a i d i n e s t a b l i s h i n g r e a l i s t i c s t a n d a r d s to 
be i n c l u d e d i n n e w o r d i n a n c e s . 
C o n c e p t u a l l y a t l e a s t , i n d u s t r i a l q u a l i t y c o n t r o l m e t h o d s m a y 
p r o v i d e a n i m p o r t a n t t o o l t h r o u g h w h i c h the p u l s e - t a k i n g f u n c t i o n of 
c i t y p l a n n i n g c a n b e c o m e e f f e c t i v e . 
S e l e c t i o n of D a t a S e r i e s 
S u i t a b l e da ta s e r i e s f o r m the b a s i s of t h e p u l s e - t a k i n g f u n c t i o n . 
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A s i n the q u a l i t y c o n t r o l e x a m p l e of p u l s e - t a k i n g m e n t i o n e d a b o v e , the 
w h o l e a n a l y s i s d e p e n d s u p o n t h e s a m p l e d a t a , b e c a u s e w i t h o u t d a t a 
t h e r e c a n be no a n a l y s i s . T h e p r o b l e m to be c o n s i d e r e d n e x t i s the 
p r o b l e m of s e l e c t i n g s u i t a b l e da ta s e r i e s w h i c h c a n be u s e d in the 
p u l s e - t a k i n g f u n c t i o n . 
Data s e r i e s to be c o m p i l e d i n the p u l s e - t a k i n g f u n c t i o n m u s t be 
m a n a g e a b l e . If t h e y c a n n o t be kept u p - t o - d a t e and a l w a y s a v a i l a b l e , 
t h e r e i s no r e a l p u l s e - t a k i n g f u n c t i o n i n the c o m m u n i t y . 
T h e c o s t of c o m p i l i n g d a t a f o r p u l s e - t a k i n g p u r p o s e s c o u l d 
b e c o m e p r o h i b i t i v e if the m o s t e c o n o m i c a l s o u r c e s a r e not u s e d , b e ­
c a u s e i t i s a c o s t w h i c h a d d s up d a y a f t e r d a y , y e a r a f t e r y e a r . F o r ­
t u n a t e l y t h e r e a r e a n u m b e r of s o u r c e s of i n f o r m a t i o n , i n m o s t c o m ­
m u n i t i e s , a v a i l a b l e f o r the a s k i n g . C o n s i d e r i n g the h o u s i n g m a r k e t 
a l o n e , the f o l l o w i n g t y p e s of d a t a a r e b e i n g c o m p i l e d i n v a r i o u s c o m ­
m u n i t i e s and a r e l i k e l y to be a v a i l a b l e to p l a n n i n g a g e n c i e s f r e e of 
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c h a r g e . 
F r o m g o v e r n m e n t s o u r c e s t h e r e i s i n f o r m a t i o n a v a i l a b l e o n 
n e w c o n s t r u c t i o n a s i n d i c a t e d by b u i l d i n g p e r m i t s , VA and F H A l o a n 
a p p l i c a t i o n s , a n d r e c o r d e d s u b d i v i s i o n s . P u b l i c d e e d r e c o r d s s h o w 
r e a l e s t a t e s a l e s and p u b l i c h o u s i n g r e c o r d s g i v e i n f o r m a t i o n a s to 
v a c a n c y r a t e s i n p u b l i c h o u s i n g u n i t s . P u b l i c r e c o r d s s h o w e c o n o m i c 
and p o p u l a t i o n t r e n d s in s c h o o l e n r o l l m e n t s , e m p l o y m e n t and u n e m ­
p l o y m e n t f i g u r e s , b i r t h s , d e a t h s , and m a r r i a g e s . S a l e s t a x r e c o r d s 
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a l s o c o n t a i n v a l u a b l e e c o n o m i c i n f o r m a t i o n . E l e c t r i c p o w e r c o m p a n i e s 
a r e u s u a l l y w i l l i n g to s u p p l e m e n t the a b o v e i n f o r m a t i o n w i t h f i g u r e s 
o n e l e c t r i c m e t e r c o n n e c t i o n s , i n s t a l l a t i o n s , and i d l e n e s s to i n d i c a t e 
h o u s i n g c o n s t r u c t i o n and v a c a n c i e s . N e w s p a p e r s r e v e a l i n f o r m a t i o n 
o n p r i c e s of e x i s t i n g h o m e s a d v e r t i s e d f o r s a l e , and a p a r t m e n t s and 
h o m e s a d v e r t i s e d for r e n t . R e a l e s t a t e b o a r d s and t e l e p h o n e and g a s 
c o m p a n i e s c a n a l s o s u p p l y u s e f u l i n f o r m a t i o n . O t h e r s o u r c e s of i n f o r ­
m a t i o n a v a i l a b l e to p l a n n i n g a g e n c i e s w i t h o u t c h a r g e c a n be found in 
m o s t c o m m u n i t i e s and t h e y a r e w o r t h l o o k i n g f o r . 
A l t h o u g h i t m a y not be p r a c t i c a l to c o m p i l e a l a r g e n u m b e r of 
d i f f e r e n t t y p e s of d a t a , a n i n a d e q u a t e d a t a handl ing s y s t e m s h o u l d not 
be a l l o w e d to h a n d i c a p the c i t y p l a n n i n g a g e n c y u n n e c e s s a r i l y . It i s 
a l m o s t i n e v i t a b l e , h o w e v e r , that a l l the d a t a d e s i r e d c a n n o t be c o m ­
p i l e d . In t h i s s i t u a t i o n i t i s i m p o r t a n t to d e c i d e o n the m o s t m e a n i n g ­
ful da ta and the m o s t e c o n o m i c a l w a y to c o m p i l e t h e m . A g o o d e x ­
a m p l e of t h i s c a n be d r a w n f r o m the r e a l m of h o u s i n g m a r k e t a n a l y ­
s i s w h e r e the s i n g l e m o s t i m p o r t a n t f a c t o r to k e e p t r a c k of i s v a c a n c y 
r a t e s . The m o s t m e a n i n g f u l type of i n f o r m a t i o n , t h e n , i s i n f o r m a t i o n 
a b o u t v a c a n c i e s . V a c a n c y i n f o r m a t i o n c a n be g a t h e r e d b y c e n s u s 
p r o c e d u r e s o r s a m p l e s u r v e y s , but o n e of the m o s t e c o n o m i c a l w a y s 
to g a t h e r i t i s by u s i n g e l e c t r i c p o w e r c o m p a n y r e c o r d s of i d l e m e t e r s . 
T h u s , f o r the s a k e of e c o n o m y , v a c a n c i e s a s i n d i c a t e d b y i d l e m e t e r s 
c o u l d be s u b s t i t u t e d for the e n t i r e l i s t of i n f o r m a t i o n t y p e s and s o u r c e s 
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d e s c r i b e d a b o v e . 
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I n d i c a t o r s of c o n d i t i o n s i n m a r k e t s o t h e r than h o u s i n g m a r k e t s 
c a n be found and a d d e d to the l i s t of p u l s e - t a k i n g d a t a s e r i e s . B y 
adding to and r e v i s i n g t h i s l i s t f r o m t i m e - t o - t i m e , the p l a n n i n g a g e n c y 
c a n d e v e l o p an e f f e c t i v e r o u t i n e for p u l s e - t a k i n g . 
I n d i c e s 
I n d i c a t o r s of m a r k e t c o n d i t i o n s a r e c a l l e d i n d i c e s . T h e b a s i c c o n ­
c e p t of i n d i c e s i s not d i f f i c u l t to g r a s p . A s a m a t t e r of f a c t it has a l r e a d y 
b e e n i l l u s t r a t e d i n the d i s c u s s i o n ab ou t u s i n g i d l e e l e c t r i c m e t e r s a s a 
m e a s u r e of h o u s i n g v a c a n c i e s . A n i n d e x m e a s u r e s o n e t h i n g , a n d f r o m 
it c a n be i n f e r r e d the m e a s u r e m e n t of a n o t h e r . The h o u s i n g v a c a n c y i n ­
d e x , f o r e x a m p l e , m e a s u r e s the n u m b e r of i d l e m e t e r s and f r o m t h i s 
m e a s u r e a n i n f e r e n c e i s d r a w n a s to the n u m b e r of v a c a n t h o u s e s o r 
d w e l l i n g u n i t s . 
A l l i n d i c e s a r e not a s s i m p l e o r d i r e c t a s the i d l e m e t e r i n d e x . 
T h e i d l e m e t e r i n d e x u s e s o n l y a s i n g l e f a c t o r , but m a n y o t h e r i n d i c e s 
u s e a n u m b e r of f a c t o r s to m a k e up c o m p o u n d i n d i c e s . E c o n o m i c i n d i c e s , 
f o r e x a m p l e , o f t e n h a v e c o m p o u n d s t r u c t u r e s . T h e c o s t of l i v i n g i n d e x 
c o n s i d e r s , a s f a c t o r s , c u r r e n t r e t a i l p r i c e s of a n u m b e r of d i f f e r e n t 
i t e m s of f o o d , c l o t h i n g , h o u s e h o l d s u p p l i e s , a n d o t h e r c o m m o d i t i e s 
w h i c h the " a v e r a g e f a m i l y " i s b e l i e v e d to u s e . The i n d e x i s a r r i v e d at 
t h r o u g h c o m b i n i n g the f a c t o r s into a s i n g l e n u m b e r w h i c h i s the i n d e x . 
I n d e x f a c t o r s m a y be c o m b i n e d by s i m p l e a d d i t i o n , by w e i g h t e d 
a d d i t i o n , o r by s i m p l e o r w e i g h t e d a v e r a g i n g . T o i l l u s t r a t e , c o n s i d e r 
the i n d e x f a c t o r s 1 . 0 , 1 . 5 , and 1 . 6 . C o m b i n i n g t h e s e t h r e e f a c t o r s b y 
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s i m p l e a d d i t i o n , the r e s u l t i s a n i n d e x of 4 . 1. S i m p l e a d d i t i o n i s u s e d 
a s a m e t h o d of c o m b i n i n g i n d e x f a c t o r s w h e n e a c h of the f a c t o r s i s f e l t 
to be a s i m p o r t a n t to the t o t a l i n d e x a s the o t h e r s . 
H o w e v e r i n c a s e s i n w h i c h the f a c o t r s h a v e d i f f e r i n g d e g r e e s of 
i m p o r t a n c e to the to ta l i n d e x , a p e r c e n t a g e w e i g h t c a n be a s s i g n e d to 
e a c h f a c t o r b e f o r e t h e y a r e c o m b i n e d in to the t o t a l i n d e x by a d d i t i o n . 
F o r i n s t a n c e , if the f i r s t f a c t o r i s t a k e n a s a s t a n d a r d , if the s e c o n d i s 
c o n s i d e r e d to be o n l y half a s i m p o r t a n t , and if the t h i r d i s t w i c e a s i m ­
p o r t a n t a s the f i r s t , t h e w e i g h t s w o u l d be 100 p e r c e n t , 50 p e r c e n t , and 
2 0 0 p e r c e n t r e s p e c t i v e l y . M u l t i p l y i n g e a c h f a c t o r b y i t s w e i g h t and a d d ­
ing the t h r e e w e i g h t e d f a c t o r s t o g e t h e r , the t o t a l i n d e x i s found to be 4 . 9 5 . 
If i t i s d e s i r e d to e x p r e s s the t o t a l i n d e x in a n u m b e r of the s a m e 
g e n e r a l m a g n i t u d e a s the f a c t o r i n d i c i e s , the to ta l i n d e x c a n be e x p r e s s e d 
a s a n a v e r a g e of the s i m p l e o r w e i g h t e d f a c t o r s . T o a c c o m p l i s h t h i s 
a l l that i s n e c e s s a r y i s to d i v i d e the a d d i t i o n i n d i c e s , found a b o v e , by 
the n u m b e r of f a c t o r s i n c l u d e d i n the t o t a l i n d e x . C a r r y i n g t h i s t h r o u g h 
the s i m p l e a v e r a g e i s found to be 1.37 and the w e i g h t e d a v e r a g e i s 1 . 6 5 . 
F u r t h e r v a r i a t i o n s c a n be o b t a i n e d by e x p r e s s i n g i n d i c e s in 
s t a n d a r d i z e d o r r e l a t i v e f o r m s a s w e l l a s i n the un i t s in w h i c h the 
data a r e c o l l e c t e d . F o r i n s t a n c e , if the i d l e m e t e r i n d e x w e r e to 
be e x p r e s s e d i n s t a n d a r d i z e d f o r m i t s u n i t s m i g h t be n u m b e r of 
i d l e m e t e r s p e r 1 0 0 i n s t a l l e d m e t e r s . W h e r e a s if e x p r e s s e d i n r e l a ­
t i v e f o r m i t s u n i t s m i g h t be the r a t i o of p e r c e n t a g e of i d l e m e t e r s i n 
o n e a r e a c o m p a r e d w i t h the a v e r a g e p e r c e n t a g e of i d l e m e t e r s i n a l l 
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a r e a s . Of c o u r s e , t h e uni t of m e a s u r e m e n t i n w h i c h the i d l e m e t e r da ta 
a r e c o l l e c t e d i s s i m p l y the n u m b e r of i d l e m e t e r s . The f o r m i n w h i c h 
i n d i c e s s h o u l d be e x p r e s s e d d e p e n d s upon how t h e y a r e to be u s e d . ^ 
A n a d e q u a t e s e t of i n d i c e s , p r o p e r l y e x p r e s s e d , i s a b a s i c r e ­
q u i s i t e of the p u l s e - t a k i n g f u n c t i o n , but t h e i r r e a l u s e f u l n e s s d e p e n d s 
upon data c o l l e c t i o n . 
D a t a C o l l e c t i o n 
S o m e m e t h o d s of data c o l l e c t i o n h a v e a l r e a d y b e e n m e n t i o n e d i n 
C h a p t e r I i n c l u d i n g q u e s t i o n n a i r e , i n t e r v i e w , p a r t i c i p a n t o b s e r v e r 
and n o n - p a r t i c i p a n t o b s e r v e r , and d o c u m e n t o r r e c o r d s e x a m i n a t i o n 
m e t h o d s . The f i e l d s u r v e y , u s u a l l y r e f e r r i n g to o b s e r v a t i o n of i n ­
a n i m a t e o b j e c t s o r a g r i c u l t u r a l c r o p s o r a n i m a l s , i s a n o t h e r m e t h o d . 
It i s a s t a n d a r d m e t h o d of c o l l e c t i o n for s u c h data a s t h o s e p e r t a i n i n g 
to m a p p i n g and l a n d u s e . A l l t h e s e m e t h o d s and s i m i l a r o n e s a r e 
m a n u a l , a n d , t h e r e f o r e , t h e y a r e c o s t l y and t i m e c o n s u m i n g . 
With the a d v e n t of e l e c t r o n i c d a t a h a n d l i n g e q u i p m e n t , n e w 
m e t h o d s of c o l l e c t i n g data a u t o m a t i c a l l y a r e b e c o m i n g a v a i l a b l e . A 
f e w a u t o m a t i c data c o l l e c t i o n m e t h o d s w i l l be d e s c r i b e d i n th i s s e c ­
t i o n . F i r s t , h o w e v e r , the i d e a of c o m p a t i b l e d a t a d e s e r v e s a t t e n t i o n . 
S i n c e the p r i m e p u r p o s e of d a t a c o l l e c t i o n i s to m a k e d a t a a v a i l ­
a b l e f o r a n a l y s i s , i t i s i m p o r t a n t to a s s u r e that d a t a a r e c o m p a t i b l e 
w i t h e a s y c o m p i l a t i o n t e c h n i q u e s . D a t a w h i c h a r e c o l l e c t e d w i t h a 
s i n g l e u s e i n m i n d o f t e n a r e v e r y hard to u s e in o t h e r w a y s . A g r e a t 
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d e a l of e f f o r t m a y l iave to be e x p e n d e d to r e a d y the s i n g l e p u r p o s e d a t a 
for a n o t h e r u s e , and i t m a y e v e n be n e c e s s a r y to c o l l e c t the data a g a i n 
f r o m t h e i r s o u r c e . F r u s t r a t i o n and w a s t e of t i m e a n d m o n e y r e s u l t . 
A c a s e i n po int i s the n o r m a l m e t h o d of r e c o r d i n g l a n d u s e d a t a . 
The type of u s e , the a m o u n t of l a n d , the l o c a t i o n of the p r o p e r t y , and 
o t h e r p i e c e s of i n f o r m a t i o n a r e n o r m a l l y r e c o r d e d o n l y o n m a p s . T h e 
type of u s e m a y be g e n e r a l i z e d i n o r d e r to f i t n i c e l y in to a c o n v e n i e n t 
c o l o r c o d e o n the m a p w h i l e the a m o u n t of l a n d m a y be e x p r e s s e d o n l y 
g r a p h i c a l l y i n s t e a d of n u m e r i c a l l y . L o c a t i o n m a y be g i v e n o n l y by 
p o s i t i o n o n the m a p r a t h e r than b y n e i g h b o r h o o d , c e n s u s t r a c t , and 
p a r c e l n u m b e r s . T h i s m e a n s that if a t a b u l a t i o n of l a n d a r e a s d e v o t e d 
to a c e r t a i n type of u s e i n s o m e p a r t i c u l a r a r e a of the c i t y i s d e s i r e d , 
i t w o u l d be a m a j o r u n d e r t a k i n g to g e t i t . F i r s t of a l l s u p p o s e the type 
of l a n d u s e b e i n g s t u d i e d i s m o r e s p e c i f i c than the g e n e r a l type s h o w n 
o n the m a p ; a n e w f i e l d s u r v e y m a y h a v e to be m a d e . A s s u m i n g , h o w ­
e v e r , that l a n d u s e c a t e g o r i e s o n the m a p a r e s a t i s f a c t o r y , the a r e a s 
of a l l the p r o p e r t i e s i n p r o p e r c a t e g o r i e s w i l l h a v e to be m e a s u r e d , 
c o m p u t e d , and a d d e d u p . T o m a k e s u r e a l l p r o p e r t i e s u s e d in a 
c e r t a i n w a y i n a c e r t a i n p a r t of the c i t y h a v e b e e n i n c l u d e d i n the 
c l a s s i f i c a t i o n i s not a l w a y s e a s y e i t h e r . E v e n s u p p o s i n g that the 
m a p s h o w s n e i g h b o r h o o d , c e n s u s t r a c t , and p a r c e l n u m b e r s , c a r e f u l 
c h e c k i n g and c r o s s c h e c k i n g a r e r e q u i r e d to p r e v e n t m i s t a k e s . I n ­
f o r m a t i o n r e c o r d e d o n m a p s i s no t c o m p a t i b l e w i t h q u i c k , e f f i c i e n t 
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t a b u l a t i o n r e q u i r e m e n t s , a n d data g a t h e r e d w i t h n o t h i n g m o r e i n m i n d 
than m a p m a k i n g do not e n c o u r a g e e x p e r i m e n t a l t a b u l a t i o n s . The 
o n l y t a b u l a t i o n s m a d e of t h e s e i n c o n v e n i e n t l y e x p r e s s e d d a t a m a y v e r y 
l i k e l y be t h o s e w h i c h a r e a b s o l u t e l y r e q u i r e d . T h i s s i t u a t i o n s t i f l e s 
r e s e a r c h and l e a d s p l a n n e r s in to r e l a t i v e l y u n p r o d u c t i v e r o u t i n e s 
w h i c h p r o d u c e s t e r e o t y p e d p l a n s . 
A n o t h e r f a m i l i a r e x a m p l e of d a t a i n c o m p a t a b i l i t y i s e v i d e n t i n 
a r e a s w h i c h i n c l u d e s e v e r a l p o l i t i c a l j u r i s d i c t i o n s . A n y a n a l y s i s of 
l a n d u s e c o n t r o l s i n a m e t r o p o l i t a n a r e a w o u l d l e a d n a t u r a l l y to a d e ­
s i r e to t a b u l a t e l a n d a c c o r d i n g to t y p e s of z o n i n g d i s t r i c t s . U n f o r t u ­
n a t e l y , i t i s v e r y s e l d o m that a n y two d i f f e r e n t p o l i t i c a l j u r i s d i c t i o n s 
w i l l h a v e c o m p a r a b l e d i s t r i c t s . C o n s e q u e n t l y , the n a t u r a l d e s i r e for 
t h i s type of a n a l y s i s h a s to be a b a n d o n e d , o r , a t b e s t , c a r r i e d out 
u n d e r a h a n d i c a p w h i c h s e r i o u s l y d a m a g e s a n y c o n c l u s i o n s w h i c h m a y 
be r e a c h e d . 
S o c i a l s c i e n t i s t s h a v e a l r e a d y r e c o g n i z e d the n e e d to h a v e c o m -
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p a t i b l e d a t a f r o m c i t y a f t e r c i t y c l e a r a c r o s s the n a t i o n . O n l y u n d e r 
s u c h c o n d i t i o n s w i l l i t be p o s s i b l e to d e r i v e s c i e n t i f i c g e n e r a l i z a t i o n s 
about u r b a n p h e n o m e n a . T h u s , t h e r e i s a n o t h e r d e m a n d o n d a t a c o l ­
l e c t i o n . 
T o a s s u r e u s e a b i l i t y of d a t a , t h e y s h o u l d be c o l l e c t e d i n c o m ­
p a r a b l e u n i t s of m e a s u r e m e n t and i n v e r s a t i l e m e d i a . T h i s i s a 
m a t t e r of m e a s u r i n g and r e c o r d i n g d a t a i n c o n v e n i e n t u n i t s s o that 
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t h e y w i l l h a v e the g r e a t e s t p o s s i b l e u s e f u l n e s s i n the data hand l ing 
s y s t e m w h i c h w i l l p r o c e s s t h e m . 
E s t a b l i s h i n g c o m p a r a b l e u n i t s of m e a s u r e m e n t i s a r g u e d for by 
R o b e r t M . S p a r k s in h i s a r t i c l e t i t l e d "The C a s e f o r a U n i f o r m L a n d 
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U s e C l a s s i f i c a t i o n . " The m a i n p o i n t s in the a r g u m e n t a r e a s f o l l o w s . 
C u r r e n t l a n d u s e r e s e a r c h i s h a n d i c a p p e d b e c a u s e of i n c o m p l e t e and 
i n c o m p a t i b l e d a t a . M o r e a d e q u a t e l a n d u s e r e s e a r c h d e p e n d s u p o n 
a u n i f o r m l a n d u s e c l a s s i f i c a t i o n w h i c h w i l l e n a b l e d a t a f r o m the 
v a r i o u s u r b a n a r e a s of the U n i t e d S t a t e s to be c o m p a r e d . C o m p a r a ­
t i v e r e s e a r c h b e t w e e n c i t i e s c a n n o t be put off f o r e v e r , a n d , t h i s b e i n g 
the c a s e , a u n i f o r m l a n d u s e c l a s s i f i c a t i o n m u s t be a d o p t e d . 
V e r s a t i l e m e d i a f o r r e c o r d i n g d a t a a r e a v a i l a b l e p r i m a r i l y a s 
input r e c o r d s f o r c o m p u t e r s . I B M c a r d s , p a p e r t a p e s , m a g n e t i c 
t a p e s , and e v e n m i c r o f i l m m e d i a m a y be s u i t a b l e for r e c o r d i n g c i t y 
p l a n n i n g data i n r e a d i n e s s f o r p r o c e s s i n g by the c o m p u t e r s . IBM 
c a r d s a r e the m o s t w i d e l y u s e d of t h e s e m e d i a and t h e y a r e e a s y to 
u s e . In the p r o b l e m of t a b u l a t i n g a r e a s d e v o t e d to v a r i o u s l a n d u s e 
t y p e s , I B M c a r d s w o u l d be a m u c h m o r e s u i t a b l e m e d i a for data 
r e c o r d s than m a p s . A f e w i n s t r u c t i o n c a r d s c o u l d be f ed to a n e l e c ­
t r o n i c c o m p u t e r a l o n g w i t h c a r d s c o n t a i n i n g the u s e , a r e a , and l o c a ­
t i o n data a n d i n a m a t t e r of m i n u t e s the d e s i r e d t a b u l a t i o n w o u l d be 
c o m p l e t e . M a n y t y p e s of i n f o r m a t i o n c o u l d be e n t e r e d o n the c a r d s 
and v a r i o u s t a b u l a t i o n s and c r o s s t a b u l a t i o n s c o u l d be m a d e a v a i l a b l e 
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a n y t i m e t h e y w e r e d e s i r e d . T h i s e a s e of t a b u l a t i o n o b v i o u s l y h o l d s 
a n a d v a n t a g e o v e r the t y p i c a l m e t h o d of t a b u l a t i n g i n f o r m a t i o n w h i c h 
m u s t be p a i n f u l l y d r a w n f r o m a n o r d i n a r y l a n d u s e m a p . * 
T h e T u l s a M e t r o p o l i t a n A r e a P l a n n i n g C o m m i s s i o n h a s r e c o r d e d 
b a s i c da ta o n a s e r i e s of I B M c a r d s w i t h a " s e p a r a t e c a r d f o r e a c h 
p a r c e l of l a n d u n d e r s e p a r a t e o w n e r s h i p o r that p o r t i o n of the p a r c e l 
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i n o n e z o n i n g d i s t r i c t in the T u l s a M e t r o p o l i t a n A r e a . " T h e d a t a 
r e c o r d e d i n c l u d e l o c a t i o n , p a r c e l d i m e n s i o n s and a r e a , l a n d u s e , 
i n f o r m a t i o n about b u i l d i n g s , a s s e s s e d v a l u e of l a n d and i m p r o v e m e n t s , 
h o m e s t e a d e x e m p t i o n , and z o n i n g . T h e T u l s a e x p e r i e n c e s h o w s that 
a n I B M s y s t e m of r e c o r d i n g d a t a i s p r a c t i c a l . 
o , . 1 0 S a m p l i n g 
D a t a c o l l e c t i o n i s v e r y o f t e n d o n e o n a s a m p l i n g b a s i s to s a v e 
c o s t . F r o m a w e l l c h o s e n s a m p l e of a p p r o p r i a t e s i z e the w h o l e 
u n i v e r s e , w h i c h the data s a m p l e s , c a n be d e s c r i b e d w i t h a h i g h d e g r e e 
of c o n f i d e n c e . 
T w o m a j o r t y p e s of s a m p l i n g a r e u s e d and both a s s u m e r a n d o m 
c h o i c e of d a t a a t o n e s t a g e o r a n o t h e r s o that c h a n c e c a n be s a i d to be 
i n o p e r a t i o n and p r o b a b i l i t y t h e o r y w i l l be a p p l i c a b l e i n the a n a l y s i s of 
the d a t a . T h e a p p l i c a b i l i t y of p r o b a b i l i t y t h e o r y i s i m p o r t a n t b e c a u s e 
* E v e n t h o u g h m a p s a r e i n a d e q u a t e f o r p u r p o s e s of s t a t i s t i c a l 
a n a l y s i s , it i s not m e a n t to d e n y the a d v a n t a g e m a p s h a v e i n t e r m s of 
v i s u a l p r e s e n t a t i o n . O t h e r m e d i a m e r e l y s u p p l e m e n t m a p s . 
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the a c c u r a c y of the s a m p l e c a n be a s s e s s e d by p r o b a b i l i t y t h e o r y . 
Without p r o b a b i l i t y t h e o r y the a c c u r a c y of the s a m p l e r e m a i n s u n k n o w n . 
R a n d o m s a m p l i n g a n d s u p p l e m e n t a r y t e c h n i q u e s for e l i m i n a t i n g 
b i a s i n s a m p l e s c o n s t i t u t e the m a j o r p r o b l e m s in s a m p l i n g . T h e r e 
a r e a n u m b e r of w a y s to m a k e r a n d o m c h o i c e s of s a m p l e u n i t s . The 
s i m p l e s t and m o s t o b v i o u s i s by f l i p p i n g a c o i n . T w o o t h e r m e t h o d s 
a v a i l a b l e i n v o l v e the u s e of t a b l e s of r a n d o m n u m b e r s o r e l e c t r o n i c 
r a n d o m n u m b e r g e n e r a t o r s . If a h igh d e g r e e of c o n f i d e n c e i s n e e d e d 
in a s a m p l e , the u s e of t e c h n i c a l l y t r a i n e d p e r s o n n e l i s r e q u i r e d . 
R a n d o m s a m p l i n g . - - T h e s i m p l e s t t ype of s a m p l i n g i s that in w h i c h 
a l l the da ta a r e c h o s e n at r a n d o m f r o m the u n i v e r s e a s a w h o l e . T h i s 
i s c a l l e d , s i m p l y , r a n d o m s a m p l i n g . The b a s i c r e q u i r e m e n t i s that 
e a c h uni t i n the u n i v e r s e has a n e q u a l c h a n c e to be c h o s e n a s p a r t of 
the s a m p l e , t h e r e b y r u l i n g out b i a s . R a n d o m s a m p l i n g i s m o s t a p p r o ­
p r i a t e to s m a l l u n i v e r s e s o r l a r g e u n i v e r s e s a b o u t w h i c h l i t t l e i s k n o w n . 
S t r a t i f i e d s a m p l i n g . — T h e s e c o n d m a j o r type of s a m p l i n g , c a l l e d s t r a t i ­
f i e d s a m p l i n g , i s useful , p r i m a r i l y w i t h l a r g e u n i v e r s e s w h i c h a r e 
r e l a t i v e l y w e l l u n d e r s t o o d . The c h i e f v a l u e of s t r a t i f i e d s a m p l i n g i s 
that it c a n u s e a s m a l l e r n u m b e r of d a t a to m a t c h the a c c u r a c y of 
r a n d o m s a m p l i n g . I n o t h e r w o r d s , s t r a t i f i e d s a m p l i n g i s m o r e e c o ­
n o m i c a l than r a n d o m s a m p l i n g , , 
T h e d i f f e r e n t i a t i n g c h a r a c t e r i s t i c of s t r a t i f i e d s a m p l i n g i s that 
t h e t o t a l u n i v e r s e c a n be d i v i d e d in to s u b u n i v e r s e s w h i c h a r e f a i r l y 
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h o m o g e n e o u s i n s i g n i f i c a n t c h a r a c t e r i s t i c s . S e l e c t i o n of v a l i d s u b -
u n i v e r s e s r e q u i r e s a c o n s i d e r a b l e k n o w l e d g e of the t o t a l u n i v e r s e 
b e c a u s e it m u s t be s h o w n that the s u b u n i v e r s e s a r e m e a n i n g f u l i n 
r e l a t i o n to the p r o b l e m a b o u t w h i c h ttje s a m p l e i s to g a t h e r i n f o r m a ­
t i o n . S t r a t i f i e d s a m p l i n g c a n be u s e d o n l y w h e n the v a l i d i t y of s u b -
u n i v e r s e s c a n be d e m o n s t r a t e d . 
B y tak ing r a n d o m s a m p l e s f r o m e a c h s u b u n i v e r s e the t o t a l s a m ­
p l e c a n be r e d u c e d i n s i z e b e c a u s e t h e r e i s no c h a n c e of the to ta l not 
i n c l u d i n g data r e p r e s e n t i n g e a c h s u b u n i v e r s e . If a r a n d o m s a m p l e 
of the u n i v e r s e a s a w h o l e w e r e t a k e n , the s i z e of the s a m p l e w o u l d 
have to be e n l a r g e d to i n c r e a s e the c h a n c e s of i n c l u d i n g r e p r e s e n t a ­
t i v e s of the s u b u n i v e r s e s . 
W i t h i n the s u b u n i v e r s e s t h e r e i s n e e d to take o n l y s m a l l s a m p l e s 
b e c a u s e the s u b u n i v e r s e s a r e h o m o g e n e o u s w i t h r e s p e c t to t h e i r s i g ­
n i f i c a n t c h a r a c t e r i s t i c s , The m o r e h o m o g e n e o u s the s u b u n i v e r s e , 
the l e s s n e e d t h e r e i s f o r a l a r g e s a m p l e to be t a k e n f r o m i t to r e p r e ­
s e n t i t a d e q u a t e l y . N e v e r t h e l e s s , e v e n a s u b u n i v e r s e s a m p l e c a n n o t 
be r e d u c e d b e l o w t e n c a s e s if i t i s to r e m a i n r e l i a b l e . T h i s i s one 
r e a s o n f o r a p p l y i n g s t r a t i f i e d s a m p l i n g o n l y to l a r g e u n i v e r s e s . 
A n o t h e r r e a s o n for a p p l y i n g s t r a t i f i e d s a m p l i n g to l a r g e r a t h e r than 
s m a l l u n i v e r s e s d e p e n d s u p o n the n u m b e r of s u b s a m p l e s . T o o m a n y 
s u b s a m p l e s , e v e n at the m i n i m u m s i z e , w o u l d r e q u i r e a l a r g e t o t a l 
s a m p l e w h i c h m i g h t no l o n g e r ho ld a n a d v a n t a g e o v e r the s i z e of the 
c o r r e s p o n d i n g r a n d o m s a m p l e . 
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The p o i n t to r e m e m b e r i s that s t r a t i f i e d s a m p l i n g i s o n l y a d e v i c e 
for r e d u c i n g s a m p l e s i z e w i t h o u t d a m a g i n g the r e l i a b i l i t y of the s a m p l e . 
If the r e s u l t i n g s a m p l e c a n n o t m e e t t h i s t e s t r a n d o m s a m p l i n g s h o u l d 
be u s e d . 
I n t e g r a t e d D a t a P r o c e s s i n g S y s t e m s 
A s s o o n a s da ta a r e c o l l e c t e d , the p r o b l e m c o n f r o n t i n g c i t y p l a n ­
n e r s i s to p r o c e s s the data e f f i c i e n t l y . T o m e e t t h i s p r o b l e m a n i n t e ­
g r a t e d data p r o c e s s i n g s y s t e m s h o u l d be p r e p a r e d to a c c e p t the d a t a 
and p r o c e s s t h e m . T h e i n t e g r a t e d d a t a p r o c e s s i n g s y s t e m p e r f o r m s 
t h r e e t y p e s of a c t i v i t y : 
1 . d i r e c t t r a n s f e r of i n f o r m a t i o n , 
2 . c o m b i n a t i o n of i n f o r m a t i o n in to r e p o r t s 
and 
3. d e c i s i o n . 
The f l o w of da ta t h r o u g h a l l p a r t s of the s y s t e m i s the c r i t i c a l 
e l e m e n t of d e s i g n i n the i n t e g r a t e d s y s t e m . E f f i c i e n c y d e p e n d s u p o n 
r o u t i n g d a t a ( e x p r e s s e d a s s i m p l y a s p o s s i b l e ) m o s t d i r e c t l y a m o n g 
the l e a s t r e q u i r e d n u m b e r of u s e r s . T h e r e s h o u l d be a d e f i n i t e u s e 
of d a t a m a d e by e a c h r e c i p i e n t . O t h e r w i s e t h e r e i s l a c k of e f f i c i e n c y . 
C a p a c i t i e s and p r o c e s s e s of the i n t e g r a t e d d a t a p r o c e s s i n g s y s t e m 
s h o u l d be a d a p t e d to the a b i l i t y of the o r i g i n a t o r of i n f o r m a t i o n , to 
the f o r m of the m e s s a g e , and to the n e e d of the u s e r . C o m b i n a t i o n 
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of i n f o r m a t i o n and d e c i s i o n a c t i v i t i e s s h o u l d not be a l l o w e d to i n t e r r u p t 
the f low of da ta u n n e c e s s a r i l y . D e c i s i o n a c t i v i t i e s take m o r e t i m e and 
a t t e n t i o n t h a n i n f o r m a t i o n a c t i v i t i e s w h i c h c a n n o r m a l l y f l o w r a p i d l y . 
A s a r e s u l t , if i n f o r m a t i o n f l o w i s t i e d to d e c i s i o n m a k i n g , the i n f o r ­
m a t i o n f l o w m a y be s l o w e d c o n s i d e r a b l y . On the o t h e r hand, u n n e e d e d 
i n f o r m a t i o n f l o w t h r o u g h d e c i s i o n c h a n n e l s t e n d s to s l o w d e c i s i o n 
a c t i v i t i e s by i n c r e a s i n g the w o r k l o a d in t h o s e c h a n n e l s . D e s i g n i n g a n 
e f f i c i e n t i n t e g r a t e d d a t a p r o c e s s i n g s y s t e m i s a n o t h e r h i g h l y t e c h n i c a l 
job o n w h i c h c i t y p l a n n e r s n e e d the a i d of s p e c i a l i s t s . 
T h r e e t y p e s of i n t e g r a t e d d a t a p r o c e s s i n g s y s t e m s a r e p o s s i b l e : 
m a n u a l , p a r t l y m e c h a n i z e d , and a u t o m a t i c . M a n u a l d a t a s y s t e m s a r e 
the type n o r m a l l y u s e d . A l l of t h e d a t a a r e g a t h e r e d , r e p o r t e d , and 
a n a l y z e d for d e c i s i o n c o n t e n t by p e o p l e . In the partly m e c h a n i z e d 
s y s t e m s o n e or a f e w p h a s e s of the d a t a p r o c e s s i n g a r e h a n d l e d b y 
m a c h i n e s . A n d in the a u t o m a t i c s y s t e m s a l l p h a s e s of the d a t a p r o ­
c e s s i n g a r e h a n d l e d by m a c h i n e s . A u t o m a t i c d a t a p r o c e s s i n g s y s t e m s 
a r e the b a s i s of a u t o m a t i o n . 
R e g a r d l e s s of the a d v a n t a g e s of a u t o m a t i c s y s t e m s in s p e e d 
and a c c u r a c y , m a n u a l d a t a p r o c e s s i n g s y s t e m s m a y s t i l l be the 
m o s t e c o n o m i c a l s y s t e m s i n s i t u a t i o n s w h e r e the n u m b e r of data 
i s s m a l l and the r e q u i r e d p e r s o n n e l a r e a v a i l a b l e at r e a s o n a b l e 
s a l a r i e s . M a n u a l s y s t e m s c a n be a u g m e n t e d w i t h s u c h d e v i c e s a s 
a d d i n g m a c h i n e s , d e s k c a l c u l a t o r s , and M c B e e K e y s o r t c a r d s . 
75 
T h e K e y s o r t c a r d s a r e d e s i g n e d to be p u n c h e d a r o u n d the e d g e s 
to a l l o w t h e m to be s o r t e d m o r e q u i c k l y than o t h e r w i s e . E a c h c a r d h a s 
a r o w of n u m b e r e d h o l e s n e a r i t s e d g e s . U s i n g a n u m e r i c a l c o d e , i n f o r ­
m a t i o n c a n be r e c o r d e d o n the c a r d s b y p u n c h i n g the e d g e s of t h e m to 
o p e n the h o l e s to the e d g e s . T h e n , w h e n a n e e d l e i s i n s e r t e d t h r o u g h a 
ho l e of the d e s i r e d c o d e n u m b e r i n a d e c k of c a r d s , t h o s e c a r d s w h i c h 
h a v e b e e n p u n c h e d at that h o l e c a n be s h a k e n out of the d e c k . T h e c a r d s 
w h i c h fa l l out a l l have the c h a r a c t e r i s t i c i n d i c a t e d by the c o d e and the 
p r o c e s s c a n be r e p e a t e d to y i e l d c o m p l e x c l a s s i f i c a t i o n s of c h a r a c t e r i s t i c s . 
A p a r t l y m e c h a n i z e d d a t a p r o c e s s i n g s y s t e m i s r e p o r t e d b y the 
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B a l t i m o r e C i t y H e a l t h D e p a r t m e n t . A s p a r t of i t s r e c o r d c o n t r o l s y s ­
t e m f o r h o u s i n g l a w e n f o r c e m e n t a c t i v i t i e s , the H e a l t h D e p a r t m e n t u s e s 
two s e r i e s of I B M c a r d s . T h e f i r s t s e r i e s r e c o r d s d a i l y i n s p e c t i o n and 
c l e r i c a l a c t i v i t e s s o that t h e y c a n be q u i c k l y t a b u l a t e d a s a p r o g r e s s r e ­
p o r t of the H o u s i n g B u r e a u . T h e s e c o n d s e r i e s r e c o r d s s u c h t h i n g s a s 
i d e n t i f i c a t i o n of the p r o p e r t y , v a l u e , u s e , o c c u p a n c y , z o n i n g and h o u s ­
ing v i o l a t i o n s , and a c t i o n s t a k e n by the B u r e a u and the o w n e r to a b a t e 
v i o l a t i o n s . I n f o r m a t i o n f r o m t h e s e p r o p e r t y i n v e n t o r y c a r d s i s t a b u l a t e d 
s e m i - a n n u a l l y for the p u r p o s e of a s s e s s i n g h o u s i n g c o n d i t i o n s and p r o ­
g r e s s of the l a w e n f o r c e m e n t p r o g r a m , and to s e r v e a s a b a s i s f o r 
u r b a n r e n e w a l p l a n n i n g . 
T h e p u r p o s e of the r e c o r d c o n t r o l s y s t e m f o r h o u s i n g l a w e n ­
f o r c e m e n t a c t i v i t i e s i s to m a i n t a i n a c o n t i n u o u s f l o w of i n f o r m a t i o n 
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d i r e c t e d t o w a r d a b a t i n g h o u s i n g l a w v i o l a t i o n s . T h e f l o w of i n f o r m a ­
t i o n b e g i n s w h e n t h e r e i s a c o m p l a i n t a b o u t a v i o l a t i o n o r a d e c i s i o n 
to s t a r t a n e n f o r c e m e n t p r o g r a m . F i e l d i n s p e c t o r s t h e n i n v e s t i g a t e 
the d e s i g n a t e d p r e m i s e s and r e c o r d a p p r o p r i a t e i n f o r m a t i o n . N o t i c e s 
a r e i s s u e d i n s e v e r a l w a y s , h e a r i n g s m a y be h e l d , and c o u r t p r o c e e d ­
i n g s m a y be u s e d . A l l of t h e s e a c t i o n s add to the f l o w of i n f o r m a t i o n 
c o n c e r n e d w i t h a b a t i n g h o u s i n g l a w v i o l a t i o n s and m o s t of the i n f o r m a ­
t i o n i s p r o c e s s e d m a n u a l l y . S i n c e the t w o I B M s e r i e s i n th i s d a t a p r o ­
cessing s y s t e m a r e not u s e d d i r e c t l y i n the a b a t e m e n t p r o c e s s i t s e l f , 
t h e y a r e s u p p l e m e n t a r y to the m a i n p u r p o s e of the s y s t e m . N e v e r t h e ­
l e s s t h e y a r e i m p o r t a n t s u p p l e m e n t s b e c a u s e t h e y e n a b l e c o n t i n u i n g 
a p p r a i s a l of the w h o l e d a t a p r o c e s s i n g s y s t e m . 
A c o m p l e t e l y a u t o m a t i c da ta p r o c e s s i n g s y s t e m f o r c i t y p l a n n i n g 
p r o b l e m s i s s t i l l f ar i n the f u t u r e , but the f o r m o n e m i g h t take c a n be 
s u g g e s t e d . A s i m p l i f i e d e x a m p l e of h o u s i n g m a r k e t a n a l y s i s a f f o r d s 
p o s s i b i l i t i e s . A s s u m i n g that h o u s i n g d e m a n d c a n be i n d i c a t e d a d e ­
q u a t e l y by v a c a n c y r a t e s d e r i v e d f r o m i d l e m e t e r c o u n t s and that 
h o u s i n g s u p p l y c a n be a d e q u a t e l y i n d i c a t e d by b u i l d i n g a c t i v i t y r a t e s 
d e r i v e d f r o m i s s u a n c e of bu i ld ing p e r m i t s , t h e n u m b e r of i d l e m e t e r s 
and the n u m b e r of bu i ld ing p e r m i t s c o u l d be r e c o r d e d a u t o m a t i c a l l y 
and f ed to a n e l e c t r o n i c c o m p u t e r w h i c h w o u l d f ind the t o t a l s of e a c h , 
c o n v e r t t h e m by m u l t i p l i c a t i o n to s u p p l y and d e m a n d f i g u r e s u s i n g 
s t a t i s t i c a l l y d e r i v e d c o n v e r s i o n f a c t o r s , add the s u p p l y f i g u r e to 
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p r e v i o u s l y e x i s t i n g i n v e n t o r y r e c o r d s , s u b t r a c t the d e m a n d f i g u r e f r o m 
the s u m to a r r i v e at a n e w i n v e n t o r y f i g u r e , c o m p a r e the i n v e n t o r y 
f i g u r e to a s e t of c r i t e r i a w h i c h i n d i c a t e the b e s t p o l i c i e s to ad op t at 
v a r i o u s d i f f e r e n t l e v e l s of s u p p l y and d e m a n d , and p r i n t out a r e p o r t 
of the f ina l r e s u l t p l u s a n y o r a l l of the i n t e r m e d i a t e s t e p s i n t h i s i n ­
v o l v e d c o m p u t a t i o n . 
To r e c o r d i d l e m e t e r s a u t o m a t i c a l l y f o r the p l a n n i n g a g e n c y ' s 
da ta p r o c e s s i n g s y s t e m w o u l d r e q u i r e that a c o p y of e l e c t r i c p o w e r 
c o m p a n y r e c o r d s be m a d e a s a b y - p r o d u c t of the o r i g i n a l p o w e r c o m ­
p a n y r e c o r d . S u c h a r e c o r d c o u l d be m a d e i n the f o r m of p u n c h c a r d s , 
p u n c h t a p e s o r m a g n e t i c t a p e s , w h i c h e v e r c o u l d be a d a p t e d m o s t 
e a s i l y to p o w e r c o m p a n y and p l a n n i n g a g e n c y data p r o c e s s i n g s y s t e m s . 
B u i l d i n g p e r m i t a p p r o v a l s c o u l d be s i m i l a r l y r e c o r d e d o n t a p e o r 
c a r d s a s the a p p l i c a n t ' s n o t i c e w a s t y p e d . If both t y p e s of d a t a w e r e 
r e c o r d e d o n m a g n e t i c t a p e , the d a t a c o u l d be r a d i o e d to a c e n t r a l 
c o m p u t e r at p r e - a r r a n g e d t i m e s s i m i l a r l y to the w a y s p a c e s a t e l l i t e s 
r a d i o t h e i r d a t a b a c k to e a r t h . T h e c o m p u t e r w o u l d t h e n p r o c e s s the 
data a r i t h m e t i c a l l y and l o g i c a l l y a c c o r d i n g to i t s p r e - a r r a n g e d p r o ­
g r a m and i s s u e the d e s i r e d p r i n t e d r e p o r t w h i c h w o u l d be w a i t i n g f o r 
the c i t y p l a n n e r at a p r e - a r r a n g e d t i m e . A f t e r s e t t i n g up s u c h a 
s y s t e m , the c i t y p l a n n e r w o u l d n e e d do no m o r e in the w a y of h o u s i n g 
m a r k e t a n a l y s i s than to r e a d p e r i o d i c c o m p u t e r r e p o r t s and h is t i m e 
w o u l d be f r e e d to d e v i s e p o l i c i e s to c o p e w i t h the c o n d i t i o n s i n d i c a t e d 
i n the r e p o r t . 
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A n a u t o m a t i c d a t a p r o c e s s i n g s y s t e m a s d e s c r i b e d a b o v e i s not 
p r a c t i c a l at the p r e s e n t t i m e b e c a u s e the e x p e n s e of r a d i o t r a n s m i s ­
s i o n c o u l d not be j u s t i f i e d and the t h e o r y of m a r k e t a n a l y s i s i s not 
h i g h l y e n o u g h d e v e l o p e d to p e r m i t i d l e m e t e r and b u i l d i n g p e r m i t 
d a t a to be u s e d w i t h c o n f i d e n c e a s the s o l e i n d i c a t o r s of the h o u s i n g 
m a r k e t . B u t by a d d i n g a f e w m o r e e a s i l y r e c o r d e d t y p e s of data 
and by t r a n s f e r r i n g the d a t a m a n u a l l y f r o m the r e c o r d e r to the c o m ­
p u t e r , a d a t a p r o c e s s i n g s y s t e m a l m o s t a s a u t o m a t i c a s the one 
d e s c r i b e d i s a l r e a d y p r a c t i c a l . 
S o m e a u t o m a t i c da ta r e c o r d i n g i s in u s e a l r e a d y . A r e c e n t 
a r t i c l e i n the A m e r i c a n C i t y m a g a z i n e d e s c r i b e s a r e c o r d i n g s y s t e m 
u s e d by O a k w o o d , O h i o . T h e o p e r a t i o n of w a t e r p u m p s in the c i t y 
w a t e r s y s t e m , the o p e r a t i o n of t r a f f i c l i g h t s and f i r e a l a r m s , and 
the o c c u r r e n c e of p o l i c e c a l l - b o x c h e c k - i n s , a m o n g o t h e r t h i n g s , 
a r e a l l r e c o r d e d by a s i n g l e d e v i c e c a l l e d a t i m e p r i n t e r , w h i c h 
h a s a c a p a c i t y l a r g e e n o u g h to r e c o r d d a t a f r o m f o r t y s e p a r a t e 
s t a t i o n s . T h e p r i n t e r i s "the e n d m e c h a n i s m of a n i n t r i c a t e s y s ­
t e m that p r o v i d e s a n a c c u r a t e and a u t h e n t i c p r i n t e d r e c o r d of a l l 
the e l e c t r i c a l and m e c h a n i c a l f u n c t i o n s the c i t y m u s t d e l i v e r to i t s 
13 
1 1 , 0 0 0 c i t i z e n s at s p e c i f i c t i m e s . " E a c h t i m e o n e of the s t a t i o n s 
b e i n g r e c o r d e d o p e r a t e s , the p r i n t e r r e c o r d s the s t a t i o n i d e n t i f i c a ­
t i o n s y m b o l , d a t e , h o u r , and m i n u t e . T h i s s y s t e m i s a g o o d e x a m p l e 
of a u t o m a t i c da ta r e c o r d i n g e v e n t h o u g h i t d o e s not r e c o r d d a t a f o r 
r e s e a r c h and p l a n n i n g a c t i v i t i e s . 
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J u s t b e c a u s e the O a k w o o d e x a m p l e d e a l s w i t h e l e c t r i c a l and 
m e c h a n i c a l s e r v i c e s g i v e n by the c i t y d o e s not m e a n that o t h e r t r a n s ­
a c t i o n s c a n n o t be r e c o r d e d a l s o . A c c o u n t i n g r e c o r d s a r e o f t e n m a d e 
a u t o m a t i c a l l y a s a b y - p r o d u c t of i s s u i n g c h e c k s . T h i s t e c h n i q u e e n ­
a b l e s the U n i t e d S t a t e s T r e a s u r y to h a n d l e the a c c o u n t i n g for o n e 
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m i l l i o n g o v e r n m e n t c h e c k s e a c h d a y . I n v e n t o r y r e c o r d s c a n be a u t o ­
m a t i c a l l y r e c o r d e d a s a b y - p r o d u c t of p r o c e s s i n g i n v o i c e s . S a l e s o r d e r s 
c a n be a u t o m a t i c a l l y p r e p a r e d a s a b y - p r o d u c t of p r e p a r i n g o r d i n a r y 
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p a p e r c o p i e s f o r a s a l e s m a n ' s f i l e s . A i r l i n e r e s e r v a t i o n s c a n be 
a u t o m a t i c a l l y r e c o r d e d and t a l l i e d d u r i n g the p r o c e s s of c h e c k i n g u n ­
c o m m i t t e d s e a t s p a c e . ^ On the b a s i s of e x p e r i e n c e s s u c h a s t h e s e , 
t h e r e a p p e a r s to be no r e a s o n w h y r e c o r d s i m p o r t a n t to p l a n n i n g , s u c h 
a s the n u m b e r of b u i l d i n g p e r m i t s i s s u e d and c h a r a c t e r i s t i c s of the 
a u t h o r i z e d b u i l d i n g s , c o u l d not be a u t o m a t i c a l l y r e c o r d e d a l s o . 
A u t o m a t i c r e c o r d i n g of c o m p r e h e n s i v e b u s i n e s s d a t a has b e e n 
p r o p o s e d o n a n a t i o n a l s c a l e , and the p r o p o s a l has b e e n w o r k e d out 
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i n e n o u g h d e t a i l to s h o w that i t i s p o s s i b l e . T h e p r o p o s a l c a l l s 
for r e c o r d i n g the data m e c h a n i c a l l y at the po in t of o r i g i n . It w o u l d 
be r e c o r d e d in s t a n d a r d u n i t s and s t a n d a r d c o d e s , s o that s i m i l a r 
t y p e s of i n f o r m a t i o n f r o m a n y n u m b e r of b u s i n e s s f i r m s c o u l d be 
p r o c e s s e d m e c h a n i c a l l y w i t h o u t a n y n e e d f o r m a n u a l r e c o p y i n g . If 
s u c h a p r o c e d u r e w e r e e v e r a d o p t e d o n a n a t i o n a l b a s i s , a l m o s t 
u n l i m i t e d b u s i n e s s d a t a w o u l d be m a d e a v a i l a b l e f o r a u t o m a t i c 
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a n a l y s i s by type of b u s i n e s s , by s t a t e , by r e g i o n , o r by the c o u n t y a s 
a w h o l e . The w e a l t h of i n f o r m a t i o n m a d e a v a i l a b l e i n th i s w a y w o u l d 
be a b o o n to e c o n o m i c r e s e a r c h . B e n e f i t s of s i m i l a r m a g n i t u d e 
c o u l d be e x p e c t e d i n g o v e r n m e n t r e s e a r c h if t r a n s a c t i o n s i n g o v e r n -
m e n o f f i c e s w e r e to be a u t o m a t i c a l l y r e c o r d e d . 
A v a i l a b l e E l e c t r o n i c C o m p u t e r s and A c c e s s o r i e s 
A s t e a d i l y i n c r e a s i n g n u m b e r of e l e c t r o n i c c o m p u t e r s and a c c e s ­
s o r i e s for t h e m a r e a v a i l a b l e for r e n t o r p u r c h a s e . The t h r e e m a j o r 
t y p e s of e l e c t r o n i c c o m p u t e r s y s t e m s a r e l a r g e - s c a l e , g e n e r a l p u r ­
p o s e ; m e d i u m - s i z e , g e n e r a l p u r p o s e ; and s p e c i a l p u r p o s e . 
L a r g e - s c a l e , g e n e r a l p u r p o s e c o m p u t e r s c o s t i n the n e i g h b o r h o o d 
of a m i l l i o n d o l l a r s and r e n t f o r $ 2 0 , 0 0 0 to $ 5 0 , 000 p e r m o n t h . T h e y 
c a n handle l a r g e , c o m p l e x p r o b l e m s at h igh s p e e d but t h e i r s i z e and 
s p e e d a r e not n e e d e d f o r m o s t c i t y p l a n n i n g p r o b l e m s . The S p e r r y 
R a n d C o r p o r a t i o n and the I n t e r n a t i o n a l B u s i n e s s M a c h i n e s C o r p o r a ­
t i o n a r e the l e a d i n g p r o d u c e r s of l a r g e - s c a l e , g e n e r a l p u r p o s e c o m ­
p u t e r s . 
M e d i u m - s i z e , g e n e r a l p u r p o s e c o m p u t e r s y s t e m s a r e m o r e 
n u m e r o u s a n d l e s s e x p e n s i v e , but s m a l l e r i n c a p a c i t y and s l o w e r 
i n s o m e o p e r a t i o n s . T h i s g r o u p of c o m p u t e r s y s t e m s i s m o s t l i k e l y 
to be a p p l i e d to c i t y p l a n n i n g p r o b l e m s . C o m p u t e r s i n t h i s g r o u p c a n 
p e r f o r m m a t h e m a t i c a l , s t a t i s t i c a l , and l o g i c a l o p e r a t i o n s . P r i c e s 
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of the m e d i u m - s i z e c o m p u t e r s r u n a s h igh a s s e v e r a l h u n d r e d t h o u s a n d 
d o l l a r s w i t h r e n t s a r o u n d $ 6 , 000 to $ 1 0 , 000 p e r m o n t h . C o m p a n i e s 
s u c h a s S p e r r y R a n d , I B M , E l e c t r o - D a t a , M a r c h a n t C a l c u l a t o r s , N a ­
t i o n a l C a s h R e g i s t e r , U n d e r w o o d , and B u r r o u g h s , a m o n g o t h e r s , have 
m e d i u m - s i z e , g e n e r a l p u r p o s e c o m p u t e r s o n the m a r k e t . The D a t a t r o n 
m e d i u m - s i z e c o m p u t e r , m a d e by the E l e c t r o - D a t a C o m p a n y , w a s u s e d 
i n the 1956 t ra f f i c a n a l y s i s of C h i c a g o , 
S p e c i a l p u r p o s e c o m p u t e r s y s t e m s m i g h t be a p p r o p r i a t e w h e n 
t h e r e i s no n e e d to h a n d l e a v a r i e t y of p r o b l e m s and w h e n t h e r e i s 
a r e q u i r e m e n t for a s p e c i a l c a p a b i l i t y s u c h a s , for i n s t a n c e , e x t r a 
l a r g e m e m o r y c a p a c i t y . F o r e x a m p l e , a s p e c i a l p u r p o s e c o m p u t e r 
c o u l d be u s e d to c o m p a r e a p p l i c a t i o n s for b u i l d i n g p e r m i t s w i t h the 
r e q u i r e m e n t s of a z o n i n g o r d i n a n c e . The c o m p u t e r w o u l d be d e s i g n e d 
e s p e c i a l l y f o r th i s t a s k and w o u l d be s u i t e d o n l y to t h i s t a s k , w h e r e a s 
if the t a s k w a s a s s i g n e d to a g e n e r a l p u r p o s e c o m p u t e r i t w o u l d be 
o n l y o n e of m a n y t a s k s h a n d l e d by the g e n e r a l p u r p o s e c o m p u t e r . 
The a d v a n t a g e of a s p e c i a l p u r p o s e c o m p u t e r i s that i t c o s t s l e s s 
and g i v e s b e t t e r p e r f o r m a n c e i n i t s s p e c i a l f i e l d than a g e n e r a l 
p u r p o s e c o m p u t e r . It c o s t s l e s s b e c a u s e i t i s l e s s c o m p l i c a t e d , and 
i t g i v e s b e t t e r p e r f o r m a n c e b e c a u s e l e s s c o m p r o m i s e s of d e s i g n a r e 
r e q u i r e d i n i t . B o t h of t h e s e a d v a n t a g e s a r i s e f r o m the f a c t that the 
s p e c i a l p u r p o s e c o m p u t e r has o n l y o n e job to do w h e r e a s the g e n e r a l 
p u r p o s e c o m p u t e r h a s m a n y . 
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In a d d i t i o n to the c o m p u t e r s t h e m s e l v e s , c o m p u t e r s y s t e m s have 
a c c e s s o r y input , output , and s t o r a g e c o m p o n e n t s . The m e d i u m - s i z e 
c o m p u t e r k n o w n a s the U N I V A C F i l e C o m p u t e r has "the a b i l i t y to 
l i n k a s m a n y a s 2 4 i n p u t - o u t p u t u n i t s , and a s m a n y a s 10 m a g n e t i c 
/7s torageJ7 d r u m s , to the c e n t r a l p r o c e s s o r . . . ^"enabl ing it toJ7 
r e a c h a n y o n e of s e v e r a l h u n d r e d t h o u s a n d s h o r t r e c o r d s in a f r a c t i o n 
of a s e c o n d . " ^ 
T r a n s l a t i n g d e v i c e s a r e a v a i l a b l e to c o n v e r t o n e f o r m of input 
to a n o t h e r . The i n f o r m a t i o n o n t a p e i n p u t s c a n be t r a n s f e r r e d to 
p u n c h c a r d s and v i c e v e r s a . F O S D I C , o n e of the m o s t a d v a n c e d d e ­
v i c e s of t h i s s o r t i n u s e , w i l l be u s e d i n the I 9 6 0 c e n s u s to c o n v e r t 
m i c r o f i l m c o p i e s of o r i g i n a l hand w r i t t e n data s h e e t s to r e c o r d i n g s 
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o n m a g n e t i c t a p e s r e a d y for a n a l y s i s by c o m p u t i n g m a c h i n e s . A l s o 
a v a i l a b l e a r e t y p e w r i t e r s w h i c h p u n c h i n f o r m a t i o n on I B M c a r d s o r 
p a p e r t a p e s a s t h e y a r e u s e d to type o r d i n a r y m a t e r i a l . S u c h d e v i c e s 
a r e i n d i s p e n s a b l e p a r t s of a u t o m a t i c d a t a p r o c e s s i n g s y s t e m s b e ­
c a u s e of t h e i r c o n t r i b u t i o n s to the r a p i d and s m o o t h f l o w of i n f o r m a t i o n . 
T h e i n t r o d u c t i o n of e l e c t r o n i c c o m p u t e r s y s t e m s i n t o a c i t y p l a n ­
n ing a g e n c y p r e s e n t s m a n y t e c h n i c a l and a d m i n i s t r a t i v e p r o b l e m s 
w h i c h c a n be s o l v e d o n l y by d e t a i l e d s t u d i e s of a c t u a l c i t y p l a n n i n g 
r e q u i r e m e n t s and a v a i l a b l e e q u i p m e n t . 
A s the M o d e r n A g e p r o c e e d s , b r i n g i n g huge m e t r o p o l i t a n a r e a s , 
a u t o m a t i o n , h igh l a b o r c o s t s , c o m p l e x u r b a n p r o b l e m s , and e v e n 
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m o r e c o m p l e x s o l u t i o n s to u r b a n p r o b l e m s , the n e c e s s i t y f o r c i t y p l a n ­
ning a g e n c i e s to u s e e l e c t r o n i c c o m p u t e r s w i l l b e c o m e m o r e and m o r e 
o b v i o u s . In C h a p t e r II, i t w a s m e n t i o n e d that c o m p u t e r s c a n be u s e d 
to m a i n t a i n i n v e n t o r y r e c o r d s and a n a l y z e m a r k e t c o n d i t i o n s a s r e ­
q u i r e d by the c e n t r a l i n t e l l i g e n c e f u n c t i o n of c i t y p l a n n i n g l In t h i s 
c h a p t e r the r o l e of c o m p u t e r s i n m a i n t a i n i n g the c o n t i n u o u s f l ow of 
i n d i c e s r e q u i r e d by the p u l s e - t a k i n g f u n c t i o n has b e e n e m p h a s i z e d . 
In the f o l l o w i n g c h a p t e r the u s e of c o m p u t e r s in h e l p i n g to m a k e d e c i ­
s i o n s for the p o l i c y c l a r i f i c a t i o n f u n c t i o n i s d e s c r i b e d . 
It i s h a r d to s a y e x a c t l y what the r o l e of e l e c t r o n i c c o m p u t e r s 
w i l l be i n the f u t u r e of c i t y p l a n n i n g b e c a u s e the a p p l i c a t i o n of c o m ­
p u t e r s to c i t y p l a n n i n g p r o b l e m s i s i n the e m b r y o s t a g e . H o w e v e r , 
the e v i d e n c e s h o w s that the c o m p l e x i t y of p r o b l e m s w h i c h c a n be 
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h a n d l e d by c o m p u t e r s i s r a p i d l y b e c o m i n g v e r y g r e a t . It c a n r e a ­
s o n a b l y be e x p e c t e d that e l e c t r o n i c c o m p u t e r s w i l l b e c o m e a m a j o r 
t o o l of the p lanning p r o f e s s i o n in the not t o o d i s t a n t f u t u r e . 
S u m m a r y 
T h i s c h a p t e r h a s e m p h a s i z e d the n e e d for m a i n t a i n i n g a c o n -
t i n o u s r e c o r d i n g of d a t a in a l l f i e l d s i n v o l v i n g v i t a l p l a n n i n g d e c i s i o n s . 
T o m e e t t h i s n e e d o n l y the m o s t u s e f u l s e r i e s of d a t a s h o u l d be s e ­
l e c t e d to be m a i n t a i n e d , and i t m a y be d e s i r a b l e i n s o m e c a s e s to 
s a m p l e t h e s e da ta s e r i e s i n s t e a d of r e c o r d i n g t h e m c o m p l e t e l y . O t h e r ­
w i s e , c o s t m a y b e c o m e p r o h i b i t i v e . A n u m b e r of e c o n o m i c a l s o u r c e s 
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of d a t a w e r e d i s c u s s e d b r i e f l y and the n e e d f o r e f f i c i e n t s y s t e m s of 
hand l ing d a t a w a s e m p h a s i z e d * A u t o m a t i c d a t a r e c o r d e r s and e l e c ­
t r o n i c c o m p u t e r s s e e m to be i n d i s p e n s a b l e a i d s in hand l ing the t r e ­
m e n d o u s q u a n t i t i e s of da ta w h i c h a r e n e c e s s a r y to a p p r i s e a d e q u a t e l y 
a l l the f a c t o r s a f f e c t i n g p l a n n i n g i n a m e d i u m o r l a r g e s i z e c o m m u n i t y . 
C H A P T E R IV 
D E C I S I O N MAKING 
(the S y n t h e s i s F u n c t i o n ) 
L a y i n g the g r o u n d w o r k for e s t a b l i s h i n g p u b l i c p o l i c i e s i s t h e o ­
r e t i c a l l y the m a j o r t a s k of c i t y p l a n n e r s . The c e n t r a l i n t e l l i g e n c e 
f u n c t i o n of p l a n n i n g s u p p l i e s i n f o r m a t i o n n e e d e d to p r o p o s e p o l i c i e s 
and the p u l s e - t a k i n g f u n c t i o n i n d i c a t e s w h e n and w h e r e p o l i c y c h a n g e s 
a r e n e e d e d , but t h e s e t w o f u n c t i o n s a l o n e do not l a y s u f f i c i e n t g r o u n d ­
w o r k for e s t a b l i s h i n g new p u b l i c p o l i c i e s . T h e r e f o r e , M e y e r s o n p r o ­
p o s e d a p o l i c y c l a r i f i c a t i o n f u n c t i o n for p l a n n e r s . 
The p o l i c y c l a r i f i c a t i o n f u n c t i o n , a s M e y e r s o n s e e s i t , i s the 
f u n c t i o n in w h i c h c i t y p l a n n e r s take i n i t i a t i v e in p r o p o s i n g s u i t a b l e 
p o l i c y m e a s u r e s "to ha l t u n d e s i r a b l e c h a n g e s and p r o m o t e d e s i r e d 
o n e s i n the c o m m u n i t y . "^ A c c e p t a n c e or r e j e c t i o n of the p o l i c i e s 
i s i n the r e a l m of p o l i t i c a l p r o c e s s e s , but p l a n n e r s s h o u l d be a b l e 
to g i v e p o l i t i c i a n s " d e t a i l e d i n f o r m a t i o n o n the a d v a n t a g e s and d i s ­
a d v a n t a g e s of a l t e r n a t i v e c o u r s e s of a c t i o n to a c h i e v e d e s i r e d g o a l s . " ' 
H e r e i s w h e r e the c o n c e p t of " d e c i s i o n m a k e r s " i s u s e f u l . 
D e c i s i o n M a k e r s 
The c o n c e p t of d e c i s i o n m a k e r s c a n be g r a s p e d m o s t e a s i l y 
f r o m a d i a g r a m l i k e the f o l l o w i n g o n e . 
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D e c i s i o n M a k e r 
D a t a 
P r e d i c t i n g 
S y s t e m 
V a l u e 
S y s t e m 
D e c i s i o n C r i t e r i a R e c o m m e n d a t i o n 
F i g . 6 B l o c k D i a g r a m of a T y p i c a l D e c i s i o n M a k e r 
S o u r c e : I . D . J . B r o s s , D e s i g n f o r D e c i s i o n , N e w Y o r k : The M a c -
m i l l a n C o m p a n y , 1 9 5 3 , p . 2 9 . 
T h i s d i a g r a m of a d e c i s i o n m a k e r r e p r e s e n t s no th ing m o r e t h a n 
the f u n c t i o n s w h i c h c o n s t i t u t e the p r o c e s s of m a k i n g d e c i s i o n s . T h e 
a c t u a l d e c i s i o n m a k e r m a y be a p e r s o n , a g r o u p of p e o p l e , a n e l e c ­
t r o n i c c o m p u t e r , o r a c o m b i n a t i o n of p e o p l e and c o m p u t e r s . 
In the d i a g r a m the data b l o c k r e p r e s e n t s the i n f o r m a t i o n w h i c h 
d e s c r i b e s the p a r t i c u l a r s i t u a t i o n o n w h i c h a d e c i s i o n m u s t be m a d e , 
and the r e c o m m e n d a t i o n b l o c k r e p r e s e n t s the f i n a l d e c i s i o n . B e t w e e n 
the d a t a and r e c o m m e n d a t i o n b l o c k s t h e r e a r e t h r e e other b l o c k s 
w h i c h r e p r e s e n t t h r e e d i f f e r e n t k i n d s of i n f o r m a t i o n that c a n be u s e d 
to s u p p l e m e n t i n f o r m a t i o n f r o m the d a t a b l o c k b e f o r e a f i n a l d e c i s i o n 
i s a r r i v e d a t . T h e p r e d i c t i n g s y s t e m r e p r e s e n t s a c o l l e c t i o n of i n ­
f o r m a t i o n o n r e l a t i o n s h i p s and t r e n d s , t o g e t h e r w i t h p r o b a b i l i t i e s 
87 
and l e v e l s of c o n f i d e n c e . T h e v a l u e s y s t e m r e p r e s e n t s a c o l l e c t i o n 
of j u d g m e n t s w h i c h c a n be u s e d to a s s e s s the d e s i r a b i l i t i e s of o c c u r ­
r e n c e s w h i c h a r e p r e d i c t e d f r o m the t r e n d s and r e l a t i o n s h i p s found 
i n the p r e d i c t i n g s y s t e m . The d e c i s i o n c r i t e r i a b l o c k r e p r e s e n t s 
r u l e s for c h o o s i n g b e t w e e n o u t c o m e s . One s i m p l e e x a m p l e of s u c h 
a r u l e i s to c h o o s e the o u t c o m e w i t h the h i g h e s t d e s i r a b i l i t y i n d i c a t e d 
by the v a l u e s y s t e m . 
T h e d i a g r a m i s u s e f u l b e c a u s e it d r a w s a t t e n t i o n to the k i n d s 
of r e a s o n i n g w h i c h take p l a c e i n the p r o c e s s of m a k i n g d e c i s i o n s 
and i d e n t i f i e s the points at w h i c h s u b j e c t i v e v a l u e j u d g m e n t s m u s t 
be m a d e . W h e t h e r the d e c i s i o n m a k i n g p r o c e s s i s c a r r i e d out by 
p e o p l e , by e l e c t r o n i c c o m p u t e r s , o r b y a c o m b i n a t i o n , i t i s a l w a y s 
w i s e to d r a w a d e c i s i o n m a k e r d i a g r a m . T h e d i a g r a m c a n be d r a w n 
i n d e t a i l to s h o w how e a c h s t e p i s c a r r i e d o u t . T h i s d e t a i l e d d i a g r a m 
w i l l he lp to r e d u c e c o n f u s i o n a b o u t how d e c i s i o n s a r e m a d e , and i t 
w i l l a l s o h e l p to p o i n t out the e x t e n t to w h i c h the d e c i s i o n i s not 
f o u n d e d o n s c i e n t i f i c a n a l y s i s . 
W h e n a d e c i s i o n i s to be m a d e , p e r t i n e n t d a t a a r e g i v e n to 
the d e c i s i o n m a k e r . T h e p r e d i c t i n g s y s t e m s u p p l i e s a l i s t of o u t ­
c o m e s and t h e i r p o s s i b i l i t i e s of o c c u r r i n g , w h i l e the v a l u e s y s t e m 
s u p p l i e s a l i s t of d e s i r a b i l i t i e s a s s o c i a t e d w i t h e a c h o u t c o m e . T h e n 
the d a t a , o u t c o m e s , p r o b a b i l i t i e s , and d e s i r a b i l i t i e s a r e e v a l u a t e d 
i n t e r m s of d e c i s i o n c r i t e r i a to a r r i v e at a r e c o m m e n d e d d e c i s i o n . 
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E l e c t r o n i c c o m p u t e r s not o n l y c a n be u s e d in d e c i s i o n m a k e r s , 
but c o m p l e x d e c i s i o n s d e m a n d the a i d of c o m p u t e r s . A n e l e c t r o n i c 
c o m p u t e r c a n a n a l y z e a l l the f a c t s of a s i t u a t i o n if the f a c t s a r e k n o w n 
and if r e l a t i o n s h i p s b e t w e e n t h e m a r e u n d e r s t o o d . N e v e r t h e l e s s , t h e r e 
a r e m a n y s i t u a t i o n s in w h i c h a l l the f a c t s and r e l a t i o n s h i p s a r e not 
k n o w n . E l e c t r o n i c c o m p u t e r s c a n n o t be e x p e c t e d to m a k e v a l i d d e c i ­
s i o n s w h e n the f a c t s and r e l a t i o n s h i p s a r e not k n o w n . In s u c h c a s e s 
h u m a n j u d g m e n t m u s t be u s e d , but it s h o u l d be r e m e m b e r e d that 
h u m a n j u d g m e n t m a y not a l w a y s m a k e v a l i d d e c i s i o n s in t h e s e c a s e s 
e i t h e r . E l e c t r o n i c c o m p u t e r s , i n e f f e c t , e x t e n d m a n ' s a b i l i t y of the 
m i n d s o m e w h a t a s a t e l e s c o p e e x t e n d s m a n ' s v i s u a l a b i l i t y . W h e n 
n e e d f o r a d e c i s o n a r i s e s and the s i t u a t i o n i s too c o m p l e x f o r the 
h u m a n m i n d to g r a s p u n a i d e d , an e l e c t r o n i c c o m p u t e r m a y be a b l e to 
g i v e the a s s i s t a n c e w h i c h i s r e q u i r e d . 
The a d a p t a b i l i t y of e l e c t r o n i c c o m p u t e r s to d e c i s i o n m a k e r s i s 
e a s y to s e e w h e n the d i a g r a m of a t y p i c a l d e c i s i o n m a k e r (on p a g e 8 6 ) 
i s c o m p a r e d w i t h the d i a g r a m of a t y p i c a l da ta p r o c e s s i n g s y s t e m (on 
p a g e 5 5 ) . The d a t a p r o c e s s i n g d i a g r a m h a s b e e n f o r m u l a t e d l a r g e l y 
a s a r e s u l t of w o r k w i t h e l e c t r o n i c c o m p u t e r s a n d the s a m e i s t r u e 
of the d e c i s i o n m a k e r d i a g r a m . In the d e c i s i o n m a k e r d i a g r a m the 
d a t a b l o c k c o r r e s p o n d s to the input b l o c k s in the p r o c e s s i n g d i a g r a m . 
C o n t i n u i n g the c o m p a r i s o n , the p r e d i c t i n g s y s t e m , the v a l u e s y s t e m , 
and the d e c i s i o n c r i t e r i a i n the d e c i s i o n m a k e r d i a g r a m c o r r e s p o n d 
to i t e m s i n the s t o r a g e b l o c k of the p r o c e s s i n g d i a g r a m . T h e 
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r e c o m m e n d a t i o n b l o c k i n the d e c i s i o n m a k e r c o r r e s p o n d s to the o u t ­
put of the data p r o c e s s o r . 
To i l l u s t r a t e how a d e c i s i o n m a k e r w o r k s in a c i t y p l a n n i n g 
c o n t e x t , the p r o c e s s of m a k i n g d e c i s i o n s c o n c e r n i n g l a n d u s e c a n be 
d e s c r i b e d . A s i m p l i f i e d d e s c r i p t i o n of d e c i s i o n m a k i n g c o n c e r n i n g 
3 
l a n d u s e i n c e n t r a l B o s t o n f o l l o w s . T h e data c o n s i s t e d of l a n d 
a r e a s , l a n d u s e s , and the l o c a t i o n s of the a r e a s . In the p r e d i c t i v e 
s y s t e m , k n o w n e c o n o m i c r e l a t i o n s h i p s i n d i c a t e d that if e c o n o m i c 
m a r k e t c o n d i t i o n s w e r e a l l o w e d to p r e v a i l t h e r e w o u l d be a h igh 
p r o b a b i l i t y of the B e a c o n H i l l and B o s t o n C o m m o n s a r e a s b e i n g u s e d 
for e x p a n s i o n of the b u s i n e s s d i s t r i c t . On the o t h e r hand , c o l o n i a l 
t r a d i t i o n s i n the v a l u e s y s t e m i n d i c a t e d that the a r e a s h e l d g r e a t 
h i s t o r i c a l s i g n i f i c a n c e . E v a l u a t i o n i n t e r m s of the d e c i s i o n c r i t e r i o n 
that h i s t o r i c a l s i t e s s h o u l d be p r e s e r v e d , e v e n at the e x p e n s e of e c o ­
n o m i c p r e s s u r e s , y i e l d e d the d e c i s i o n to f o r e s t a l l b u s i n e s s e x p a n s i o n 
in to B e a c o n H i l l and the B o s t o n C o m m o n s . 
M o d e l s 
C i t y p l a n n e r s , i n t h e i r r o l e s a s a d v i s o r s to p u b l i c d e c i s i o n 
m a k e r s , a r e o f t e n in a p o s i t i o n to u s e d e c i s i o n m a k e r m o d e l s a s a 
m e a n s of d e v e l o p i n g p r o p o s e d p o l i c i e s to be u s e d u n d e r v a r i o u s di f ­
f e r e n t a s s u m p t i o n s , c o n d i t i o n s , and d e s i r e s . J u s t a s e n g i n e e r s and 
s c i e n t i s t s bu i ld m o d e l s of their d e s i g n s b e f o r e a l a r g e i n v e s t m e n t i s 
m a d e i n the r e a l t h i n g , s o that t h e y c a n f ind out w h e t h e r the d e s i g n s 
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w i l l w o r k a l l r i g h t , c i t y p l a n n e r s c a n u s e d e c i s i o n m a k e r m o d e l s to 
t e s t d e c i s i o n s b e f o r e the r e a l q u e s t i o n i s d e c i d e d . 
M o d e l s , a s t h e y a r e s p o k e n of h e r e , a r e s y m b o l i c s u b s t i t u t e s 
for r e a l i t y . T h e y m a y be g r a p h i c , v e r b a l , o r m a t h e m a t i c a l . M o d e l s 
a r e u s e d b e c a u s e t h e y a r e e c o n o m i c a l and c o n v e n i e n t for u s e i n s i m u ­
l a t i n g r e a l s i t u a t i o n s . In the d e c i s i o n m a k i n g m o d e l i t i s e a s y to th ink 
i n t e r m s of c h a n g i n g the c o n t e n t s of the b o x e s i n the b l o c k d i a g r a m . 
That i s , d i f f e r e n t data c a n be s u b s t i t u t e d to d e s c r i b e n e w s i t u a t i o n s ; 
d i f f e r e n t t r e n d s and r e l a t i o n s h i p s c a n be u s e d to p r e d i c t o u t c o m e s ; 
d i f f e r e n t j u d g m e n t s c a n be u s e d to a s s e s s d e s i r a b i l i t i e s of o u t c o m e s ; and 
d i f f e r e n t c r i t e r i a c a n be u s e d to c h o o s e b e t w e e n o u t c o m e s . 
In the B o s t o n c a s e d e s c r i b e d a b o v e , for i n s t a n c e , the d a t a c o u l d 
be c h a n g e d to r e p r e s e n t a n a r e a m a n y m i l e s f r o m B e a c o n H i l l . T h e 
p r e d i c t i n g s y s t e m c o u l d be a d j u s t e d to i n d i c a t e g r e a t e r o r l e s s e r p r o b ­
a b i l i t i e s of o u t c o m e s d e p e n d i n g o n the m a g n i t u d e of e c o n o m i c p r e s s u r e s . 
T h e v a l u e s y s t e m c o u l d be c h a n g e d to p l a c e h i s t o r i c a l s i g n i f i c a n c e 
o n l y o n t y p e s of b u i l d i n g s d i f f e r e n t f r o m t h o s e o n B e a c o n H i l l . A n d 
the d e c i s i o n c r i t e r i o n c o u l d be c h a n g e d to f a v o r e c o n o m i c d e v e l o p ­
m e n t r a t h e r than p r o t e c t i o n of h i s t o r i c a l s i t e s . V a r i o u s c o n t e n t s 
m i g h t be t r i e d i n the d e c i s i o n m a k e r m o d e l , r e s u l t i n g in v a r i o u s d e c i ­
s i o n s , w h e r e a s in r e a l l i f e i t w o u l d be i m p o s s i b l e to e x p e r i m e n t w i t h 
a l l p o s s i b i l i t i e s i n a s i m i l a r w a y , 
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M a t h e m a t i c a l m o d e l s . - - M a t h e m a t i c a l f o r m u l a s a r e the m o s t p r e c i s e 
k i n d s of m o d e l s n o r m a l l y u s e d . T h e c o n v e n i e n c e of u s i n g m a t h e m a t i c a l 
f o r m u l a s to s o l v e p r o b l e m s , a s a n a l t e r n a t i v e to c o m p i l i n g t a b l e s of 
a l l p o s s i b l e a n s w e r s , i s w e l l k n o w n in m a n y f i e l d s of s c i e n c e . T h i s 
c o n v e n i e n c e c a n be i l l u s t r a t e d by c o n s i d e r i n g R e i l l y ' s l a w . If the 
p o p u l a t i o n s of two c i t i e s and the d i s t a n c e b e t w e e n t h e m a r e k n o w n it 
i s o n l y n e c e s s a r y to put t h e s e v a l u e s in to the f o r m u l a g i v e n by R e i l l y ' s 
l a w and do the s i m p l e c o m p u t a t i o n s i n d i c a t e d . In a f e w m i n u t e s the 
p o i n t b e t w e e n the two c i t i e s a t w h i c h e a c h c i t y a t t r a c t s r e t a i l t r a d e 
w i t h e q u a l f o r c e i s f o u n d . T h e a l t e r n a t i v e to th i s t ype of a p p r o a c h 
w o u l d be to c o n d u c t a n i n t e r v i e w o r q u e s t i o n n a i r e s u r v e y of a s a m p l e 
of the p e o p l e w h o l i v e i n the a r e a b e t w e e n the t w o c i t i e s . J u s t c o n ­
s t r u c t i n g the q u e s t i o n n a i r e w o u l d take c o n s i d e r a b l y l o n g e r t h a n the 
w h o l e p r o c e s s of u s i n g R e i l l y ' s l a w . T h e c o n v e n i e n c e of u s i n g f o r ­
m u l a s i s o f t e n g r e a t . 
S y m b o l i c l o g i c i s a n e x t e n t i o n of m a t h e m a t i c s w h i c h m a k e s i t 
p o s s i b l e to t r a n s l a t e o r d i n a r y l a n g u a g e m o r e f u l l y i n t o m a t h e m a t i c a l 
l a n g u a g e . Up to the p r e s e n t , s y m b o l i c l o g i c h a s found p r a c t i c a l a p p l i ­
c a t i o n p r i m a r i l y i n the f i e l d of e l e c t r o n i c c o m p u t e r d e s i g n , but i t i s 
e x p e c t e d that s y m b o l i c l o g i c w i l l e x t e n d the m a t h e m a t i c a l a d v a n t a g e s 
of p r e c i s e a n d c o n v e n i e n t m a n i p u l a t i o n to w i d e n i n g c i r c l e s of e x p e r i e n c e 
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i n the f u t u r e . P r o g r e s s t o w a r d d e v e l o p i n g a u n i v e r s a l s c i e n t i f i c 
l a n g u a g e , w h i c h w o u l d m e a n the s a m e th ing to e v e r y o n e , h a s b e e n 
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p r o p h e s i e d f o r the f u t u r e . The a d v a n t a g e s of s u c h a l a n g u a g e s h o u l d 
be o b v i o u s . The u n i v e r s a l s c i e n t i f i c l a n g u a g e w o u l d b a n i s h e n d l e s s 
s e m a n t i c a r g u m e n t s and c o n f u s i o n s of w o r d s and i d e a s w h i c h o b s c u r e 
m a n y p u b l i c i s s u e s t o d a y . F u r t h e r d e v e l o p m e n t of s y m b o l i c l o g i c w i l l 
h a v e the e f f e c t of e n a b l i n g m o d e l s to be a p p l i e d to the s o l u t i o n of g r e a t e r 
n u m b e r s of p r o b l e m s . 
S t a t i s t i c a l m o d e l s . - - S i n c e a c e r t a i n a m o u n t of u n c e r t a i n t y e x i s t s i n 
a l m o s t a l l , if not a l l , s i t u a t i o n s found i n the w o r l d of e x p e r i e n c e , a n 
e f f o r t m u s t be m a d e to e x p r e s s u n c e r t a i n t i e s a s p a r t of d e c i s i o n m a k ­
ing m o d e l s . A m o d e l i n w h i c h u n c e r t a i n t i e s a r e e x p r e s s e d i s c a l l e d 
a s t a t i s t i c a l m o d e l . M a t h e m a t i c a l l y , u n c e r t a i n t i e s a r e e x p r e s s e d a s 
p r o b a b i l i t i e s . M a t h e m a t i c a l m o d e l s b e c o m e s t a t i s t i c a l m o d e l s w h e n 
t h e y i n c l u d e p r o b a b i l i t y e x p r e s s i o n s . 
M e a s u r i n g S o c i a l V a l u e s 
T w o m a j o r p r o b l e m s a r i s e i n the u s e of d e c i s o n m a k i n g m o d e l s . 
T h e f i r s t i s the p r o b l e m of m e a s u r i n g s o c i a l v a l u e s , and the s e c o n d i s 
the p r o b l e m of d e t e r m i n i n g p r o b a b i l i t i e s of o c c u r r e n c e s . C o n s i d e r a ­
t i o n of d e t e r m i n i n g p r o b a b i l i t i e s of o c c u r r e n c e s w i l l be l e f t to the n e x t 
s e c t i o n of t h i s c h a p t e r , w h i l e the m e a s u r e m e n t of s o c i a l v a l u e s i s 
c o n s i d e r e d i n t h i s s e c t i o n . 
M e a s u r i n g s o c i a l v a l u e s i s a p r o b l e m e s p e c i a l l y w h e n p e o p l e 
w h o s e s o c i a l v a l u e s a r e b e i n g m e a s u r e d do not c o n s c i o u s l y r e a l i z e 
w h a t t h e i r v a l u e s a r e . T h e job i s s t i l l m o r e d i f f i c u l t w h e n the p e o p l e 
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d o i n g the m e a s u r i n g u n c o n s c i o u s l y l e t t h e i r o w n v a l u e s i n f l u e n c e the 
m e a s u r e s of o t h e r p e o p l e ' s v a l u e s . A s y e t t h e r e i s no c o m p l e t e l y 
s a t i s f a c t o r y w a y of m e a s u r i n g s o c i a l v a l u e s , but s e v e r a l t e c h n i q u e s 
h a v e b e e n d e v e l o p e d g r a d u a l l y to the p o i n t w h e r e t h e y a r e u s e f u l e v e n 
t h o u g h not p e r f e c t . 
M e a s u r e m e n t i s the p r o c e s s of e v a l u a t i n g s o m e t h i n g i n r e l a t i o n 
to a s t a n d a r d . The s t a n d a r d m a y be no th ing m o r e t h a n a s u b j e c t i v e 
g r o u p of c h a r a c t e r i s t i c s a g a i n s t w h i c h i t e m s a r e c o m p a r e d i n t u i t i v e l y 
w i t h no c l e a r i d e a of w h a t r e l a t i o n s h i p o n e c h a r a c t e r i s t i c h a s to t h e 
o t h e r s . O n the o t h e r hand, m e a s u r e m e n t m a y c o n s i s t of d e t e r m i n i n g 
the v a l u e of a th ing by c o m p a r i n g it w i t h a c o n t i n u u m of v a l u e s , * e a c h 
r e l a t e d to the o t h e r s i n a v e r y d e f i n i t e and p r e c i s e w a y . A s m i g h t be 
e x p e c t e d , s u b j e c t i v e c o m p a r i s o n of c h a r a c t e r i s t i c s i s a w e a k m e t h o d 
of m e a s u r e m e n t i n c o m p a r i s o n w i t h the u s e f u l n e s s of the c o n t i n u u m m e t h o d . 
A n u m b e r of t e c h n i q u e s of m e a s u r e m e n t h a v e b e e n u s e d i n m a n y 
d i f f e r e n t s i t u a t i o n s . B e s t k n o w n and m o s t h i g h l y d e v e l o p e d a r e the 
m e t h o d s of m e a s u r e m e n t u s e d by the p h y s i c a l s c i e n c e s . M e a s u r e ­
m e n t s of d i s t a n c e , a r e a , v o l u m e , a n d o t h e r c h a r a c t e r i s t i c s of the 
p h y s i c a l w o r l d a r e f a m i l i a r to a l m o s t e v e r y o n e and u s e f u l t o c i t y 
p l a n n e r s i n m a n y w a y s . H o w e v e r , m e a s u r e m e n t s of s o c i a l v a l u e s 
r a t h e r t h a n p h y s i c a l v a l u e s a r e the m e a s u r e m e n t s to be t r e a t e d i n 
*A c o n t i n u u m of v a l u e s i s a s t a n d a r d w h i c h d i v i d e s v a r y i n g d e g r e e s 
of a s i n g l e , c o n t i n u o u s c h a r a c t e r i s t i c i n t o d i s c r e t e un i t s r e p r e s e n t i n g 
i n c r e a s i n g d e g r e e s of the c h a r a c t e r i s t i c . 
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th i s t h e s i s b e c a u s e t h e y a r e l e s s w e l l u n d e r s t o o d and l e s s f r e q u e n t l y 
u s e d by c i t y p l a n n e r s , n o t w i t h s t a n d i n g the c r u c i a l r o l e t h e y p l a y i n 
d e c i s i o n m a k i n g . 
R a n k i n g . - - S e v e r a l t e c h n i q u e s h a v e b e e n d e v e l o p e d by the s o c i a l 
s c i e n c e s for m e a s u r i n g s o c i a l v a l u e s . T h e s i m p l e s t of t h e s e t e c h n i q u e s 
i s c a l l e d r a n k i n g . R a n k i n g i s the p r o c e s s of p l a c i n g i t e m s i n s o m e 
o r d e r by c o m p a r i n g e a c h i t e m w i t h the o t h e r s . T h e r e s u l t i s that 
w i t h r e s p e c t to s o m e c h a r a c t e r i s t i c e a c h i t e m i s a s s i g n e d a p o s i t i o n 
r e l a t i v e to a l l the o t h e r i t e m s . R a n k i n g t e c h n i q u e s a r e l a b o r i o u s and 
l e s s u s e f u l t h a n o t h e r m e a s u r i n g t e c h n i q u e s , but i n c a s e s w h e r e s t a n d ­
a r d s of m e a s u r e m e n t a r e not a v a i l a b l e r a n k i n g t e c h n i q u e s a r e u s e f u l 
and e v e n a l l o w "a f a i r a m o u n t of s t a t i s t i c a l t r e a t m e n t , i n c l u d i n g r a n k 
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c o r r e l a t i o n . " 
R a t i n g . - - R a t i n g i s a s e c o n d t e c h n i q u e of m e a s u r e m e n t . It i s a p r o c e s s 
b y w h i c h i t e m s c a n be a s s i g n e d to a p o s i t i o n o n a c o n t i n u t i m of v a l u e s . 
T h e c o n t i n u u m of v a l u e s i s a s t a n d a r d w h i c h d i v i d e s v a r y i n g d e g r e e s of 
a s i n g l e c o n t i n u o u s c h a r a c t e r i s t i c i n t o d i s c r e t e u n i t s r e p r e s e n t i n g s u c ­
c e s s i v e l y i n c r e a s i n g d e g r e e s of the c h a r a c t e r i s t i c . The p o s i t i o n of 
a n i t e m o n a c o n t i n u u m r e p r e s e n t s the v a l u e of the i t e m i n t e r m s of 
the c h a r a c t e r i s t i c m e a s u r e d by the c o n t i n u u m . 
A n e x a m p l e of a r a t i n g i n s t r u m e n t i s the A P H A a p p r i s a l m e t h o d 
g 
f o r m e a s u r i n g the q u a l i t y of h o u s i n g . A l t h o u g h t h i s i n s t r u m e n t m e a ­
s u r e s t y p e s and s i z e s of d w e l l i n g s , h o u s i n g q u a l i t y i n c l u d i n g w a t e r 
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f a c i l i t i e s , s a n i t a r y f a c i l i t i e s , h e a t i n g and l i g h t i n g , g e n e r a l m a i n t e ­
n a n c e , n a t u r e of o c c u p a n c y , and the s u r r o u n d i n g p h y s i c a l e n v i r o n ­
m e n t r a t h e r than p u r e l y s o c i a l f a c t o r s , the A P H A a p p r i s a l t e c h n i q u e 
i l l u s t r a t e s , v e r y w e l l , m e a s u r e m e n t b y r a t i n g . T h e t e c h n i q u e c a l l s 
for i n s p e c t i o n of h o u s i n g and n e i g h b o r h o o d c o n d i t i o n s and s p e c i f i e s a 
s y s t e m of g i v i n g p e n a l t y p o i n t s f o r d e f i c i e n c i e s i n the s e v e r a l c h a r a c ­
t e r i s t i c s m e a s u r e d . P e n a l t y s c o r e s a r e t h e n a d d e d up and c l a s s i f i e d a s 
f o l l o w s to i n d i c a t e q u a l i t y of h o u s i n g . 
G r a d u a t i o n of 
Q u a l i t y 
N e i g h b o r h o o d 
E n v i r o n m e n t a l 
S c o r e 
H o u s i n g 
C o n d i t i o n 
S c o r e 
T o t a l 
H o u s i n g 
S c o r e 
A - E x c e l l e n t 
to g o o d 
0 - 1 9 0 - 2 9 0 - 4 9 
B - A c c e p t a b l e 2 0 - 3 9 3 0 - 5 9 5 0 - 9 9 
C - Q u e s t i o n a b l e 4 0 - 5 9 6 0 - 8 9 1 0 0 - 1 4 9 
D - S u b s t a n d a r d 6 0 - 7 9 9 0 - 1 1 9 1 5 0 - 1 9 9 
E - U n f i t f o r 
h a b i t a t i o n 80 & o v e r 120 & o v e r 2 0 0 & o v e r 
F i g . 7 C l a s s i f i c a t i o n s of R a t i n g S c h e m e for A P H A 
T e c h n i q u e of M e a s u r i n g H o u s i n g Q u a l i t y 
S o u r c e : F . S. C h a p i n , J r . , U r b a n L a n d U s e P l a n n i n g . N e w Y o r k : 
H a r p e r and B r o t h e r s , 1 9 5 7 , p . 2 3 6 . 
T h e d i f f e r e n c e s b e t w e e n r a n k i n g and r a t i n g a r e that r a t i n g 
m a k e s it p o s s i b l e to c o m p a r e i t e m s to a n u n c h a n g i n g s e t of c r i t e r i a 
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r a t h e r t h a n to o t h e r s i m i l a r i t e m s , and the c r i t e r i a d e f i n e the c h a r a c ­
t e r i s t i c s of i t e m s i n a m u c h m o r e s p e c i f i c w a y t h a n do r a n k c o m p a r i ­
s o n s . S t a t i s t i c a l t r e a t m e n t of r a t i n g s i s m o r e r e l i a b l e than s t a t i s t i c a l 
t r e a t m e n t of r a n k i n g s , but not a s r e l i a b l e a s s t a t i s t i c a l t r e a t m e n t of 
s c a l e d m e a s u r e m e n t s w h i c h a r e d e s c r i b e d n e x t . 
S c a l i n g . - - S c a l i n g i s the t h i r d m e t h o d of m e a s u r e i n g s o c i a l v a l u e s . It 
i s s i m i l a r to r a t i n g e x c e p t that the i t e m s a r e r a t e d in s u c h a w a y that 
the i n t e r v a l s b e t w e e n d i v i s i o n s o n the c o n t i n u u m a r e a l l e q u a l . T h u s , 
the d i f f e r e n c e b e t w e e n s c a l i n g and r a t i n g i s a t e c h n i c a l d i f f e r e n c e only* 
r a t h e r than a d i f f e r e n c e in c o n c e p t . S c a l i n g i s a r e f i n e d f o r m of r a t i n g . 
T h e b a s i c c o n c e p t b e h i n d both i s c o m p a r i s o n w i t h and o b j e c t i v e s t a n d a r d . 
" B y a s c a l e i n the s t r i c t s e n s e i s m e a n t a n i n s t r u m e n t w h i c h i s 
d i v i d e d i n t o a n u m b e r of e q u a l and e q u i v a l e n t u n i t s , w i t h the z e r o p o i n t 
at that po in t w h e r e the a m o u n t of the q u a l i t y u n d e r m e a s u r e m e n t m a y 
Q 
c o r r e c t l y be a s s u m e d to be z e r o . " S u c h an i n s t r u m e n t h a s t h e a d ­
v a n t a g e that m e a s u r e m e n t s m a d e w i t h the u s e of i t c a n be f r e e l y 
m a n i p u l a t e d m a t h e m a t i c a l l y a n d s t a t i s t i c a l l y . S c a l e s of t h i s t ype a r e 
the i d e a l i n s t r u m e n t s for m e a s u r i n g s o c i a l v a l u e s . S i n c e r a n k i n g 
and r a t i n g i n s t r u m e n t s a r e a c t u a l l y i m p e r f e c t s u b s t i t u t e s f o r s c a l e s , 
no d i s t i n c t i o n w i l l be m a d e b e t w e e n the t e c h n i q u e s i n the f o l l o w i n g 
d i s c u s s i o n of c o n s t r u c t i n g i n s t r u m e n t s for m e a s u r i n g s o c i a l v a l u e s . 
C o n s t r u c t i o n of s c a l i n g and r a t i n g i n s t r u m e n t s - T h e c o n s t r u c t i o n of 
a n i n s t r u m e n t for the r a t i n g o r s c a l i n g of s o c i a l a t t i t u d e s or s o c i a l 
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c h a r a c t e r i s t i c s has m a n y p r o b l e m s , but t h e y a r e b e i n g g r a d u a l l y o v e r ­
c o m e . T e c h n i c a l l i t e r a t u r e i n the s o c i a l s c i e n c e s i n c l u d e s l o n g p a s s a g e s 
c o n c e r n i n g c r i t e r i a of s c a l e c o n s t r u c t i o n , t e c h n i q u e s f o r t e s t i n g r e l i a ­
b i l i t y and v a l i d i t y of s c a l e s , and e f f o r t s to a s s u r e e q u a l u n i t s of m e a ­
s u r e m e n t in s c a l e s . T h e m o s t i m p o r t a n t c r i t e r i a g o v e r n i n g s c a l e c o n ­
s t r u c t i o n i s the r e q u i r e m e n t that o n l y l o g i c a l l y r e l a t e d i t e m s s h o u l d be 
c o m b i n e d in to a s c a l e and the r e l a t i o n s h i p s h o u l d h a v e a n e x p l i c i t 
r a t i o n a l e . ^ 
R e a l i a b i l i t y , m e a n i n g the a b i l i t y of a s c a l e to p r o d u c e the s a m e 
r e s u l t s e v e r y t i m e it i s a p p l i e d to the s a m e m e a s u r a b l e i t - e m , i s d e ­
t e r m i n e d by a n y of a n u m b e r of t e c h n i q u e s s u c h a s the t e s t - r e t e s t 
t e c h n i q u e w h i c h s i m p l y c o n s i s t s of a d m i n i s t e r i n g a t e s t t w i c e to the 
s a m e p o p u l a t i o n , o r the m u l t i p l e f o r m t e c h n i q u e in w h i c h two d i f f e r e n t 
f o r m s of the s a m e s c a l e a r e a d m i n i s t e r e d s e p a r a t e l y to the s a m e p o p ­
u l a t i o n , o r the s p l i t half t e c h n i q u e i n w h i c h a s i n g l e t e s t i s a d m i n i s t e r e d 
w i t h a l t e r n a t e i t e m s c o n s i d e r e d a s b e l o n g i n g to s e p a r a t e f o r m s of the 
s a m e s c a l e . ( S e p a r a t e f o r m s of the s a m e s c a l e w o u l d be m a d e up of 
s l i g h t l y d i f f e r e n t q u e s t i o n s o r p e r h a p s the s a m e q u e s t i o n s p h r a s e d i n 
d i f f e r e n t w a y s . ) In a l l c a s e s , r e l i a b i l i t y i s d e t e r m i n e d by the d e g r e e 
to w h i c h the f i r s t and s e c o n d m e a s u r e s a g r e e . 
T e s t i n g the v a l i d i t y of a s c a l e r e l i e s u p o n k n o w l e d g e of the 
c h a r a c t e r i s t i c s b e i n g m e a s u r e d . V a l i d i t y c a n be d e t e r m i n e d l o g i c a l l y , 
by o p i n i o n s of e x p e r t s , by m e a s u r i n g k n o w n g r o u p s , o r by c o m p a r i n g 
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the s c a l e m e a s u r e m e n t w i t h m e a s u r e m e n t s m a d e u s i n g i n d e p e n d e n t 
c r i t e r i a ( c r i t e r i a o t h e r than t h o s e u s e d in the s c a l e i t s e l f ) . 
A s s u r i n g e q u a l u n i t s of m e a s u r e m e n t o n the s c a l e a l s o r e q u i r e s 
k n o w l e d g e of the c h a r a c t e r i s t i c s b e i n g m e a s u r e d . If the end p o i n t s 
of the c o n t i n u u m m e a s u r e d by the s c a l e a r e d e f i n i t e l y f i x e d , p e r c e n t a g e 
u n i t s m i g h t be c o n s t r u c t e d . O t h e r w i s e a m o r e a r b i t r a r y uni t m i g h t be 
e s t a b l i s h e d s u c h a s a m o n e y v a l u e o r s i m p l y a n u m e r i c a l q u a n t i t y 
s i m i l a r to the p e n a l t y p o i n t s y s t e m in the A P H A h o u s i n g q u a l i t y i n s t r u ­
m e n t . T h e m e r e a t t a c h m e n t of n u m e r i c a l v a l u e s to s c a l e m e a s u r e ­
m e n t s d o e s not a s s u r e that u n i t s of m e a s u r e m e n t a r e e q u a l , but i t 
h e l p s to e x p r e s s the e q u a l i t y of u n i t s if it e x i s t s . E q u a l i t y of un i t s i s 
a hard thing to a c h i e v e , but r e m e m b e r i n g that u n i t s of m e a s u r e a r e 
a r b i t r a r y to b e g i n w i t h , t h e y c a n be e q u a l i z e d g r a d u a l l y t h r o u g h f a m i l i ­
a r i t y w i t h the p h e n o m e n a b e i n g m e a s u r e d and c o m p a r i s o n s w i t h k n o w n 
u n i t s of m e a s u r e . T h e p a s s a g e s in s o c i a l s c i e n c e l i t e r a t u r e d e a l i n g 
w i t h s c o r i n g and w e i g h t i n g t e c h n i q u e s d e s c r i b e a t t e m p t s to e s t a b l i s h 
and e x p r e s s e q u a l u n i t s of m e a s u r e . 
C o n s t r u c t i n g s c a l i n g and r a t i n g i n s t r u m e n t s i s a n e x t r e m e l y 
t e c h n i c a l u n d e r t a k i n g . E x c e p t i n e l e m e n t a r y a p p l i c a t i o n s of the r a t ­
ing and s c a l i n g c o n c e p t , c i t y p l a n n e r s s h o u l d s e e k the h e l p of s o c i a l 
s c i e n t i s t s w h e n s o c i a l v a l u e s a r e to be m e a s u r e d . 
A p p l i c a t i o n of s c a l i n g and r a t i n g t e c h n i q u e s . - - S i n c e i n d e x n u m b e r s 
i n d i c a t e p o s i t i o n s o n a c o n t i n u u m of v a l u e s , the i n d i c e s m e n t i o n e d 
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i n C h a p t e r III a r e m e a s u r i n g i n s t r u m e n t s of e i t h e r the r a t i n g or s c a l i n g 
t y p e s . H o w e v e r , the e x a m p l e s g i v e n a r e m o r e i n the r e a l m of p h y s i c a l 
and e c o n o m i c m e a s u r e m e n t than i n the r e a l m of s o c i a l m e a s u r e m e n t . 
T h e a p p l i c a t i o n of r a t i n g and s c a l i n g t e c h n i q u e s to m e a s u r e m e n t of s o c i a l 
v a l u e s i s b e s t e x e m p l i f i e d by a t t i t u d e s u r v e y s . 
T h e D e t r o i t A r e a S tudy i l l u s t r a t e s o n e u s e of a t t i t u d e r a t i n g s i n 
a c o n t e x t f a m i l i a r to c i t y p l a n n e r s . A m o n g o t h e r a t t i t u d e s , t h e 1956 
s u r v e y g a t h e r e d data o n r a c i a l r e l a t i o n s a t t i t u d e s . One of the s u r v e y 
q u e s t i o n s s e t up a h y p o t h e t i c a l s i t u a t i o n w h i c h w a s r e s p o n d e d to by 
a s a m p l e of the w h i t e p o p u l a t i o n of D e t r o i t a s i n d i c a t e d i n the f o l l o w ­
ing p a r a g r a p h . 
One d a y a s i x - y e a r - o l d a s k s h e r m o t h e r if s h e c a n b r i n g a n o t h e r 
g i r l h o m e to p l a y . T h e m o t h e r k n o w s that the o t h e r g i r l i s a N e g r o , 
and that her o w n d a u g h t e r has o n l y p l a y e d w i t h w h i t e c h i l d r e n b e f o r e . 
What s h o u l d the m o t h e r d o ? (1) She s h o u l d t e l l h e r d a u g h t e r that 
s h e m u s t n e v e r p l a y w i t h N e g r o e s ; (2) The d a u g h t e r s h o u l d be t o l d 
that s h e m a y p l a y w i t h N e g r o c h i l d r e n i n s c h o o l , but not a t h o m e ; 
o r (3) T h e N e g r o c h i l d s h o u l d be p e r m i t t e d to c o m e to the h o m e . 
T h e t h r e e a l t e r n a t i v e a n s w e r s s e t b e f o r e the r e s p o n d e n t s w e r e 
d e s i g n e d to m e a s u r e d e g r e e s of p r e j u d i c e . P r e s u m a b l y , p e r m i t t i n g 
the N e g r o to c o m e h o m e w o u l d i n d i c a t e l a c k of p r e j u d i c e , w h i l e l e t t i n g 
the c h i l d r e n p l a y o n l y a t s c h o o l w o u l d i n d i c a t e m o d e r a t e p r e j u d i c e , 
and r e f u s i n g to l e t the d a u g h t e r p l a y w i t h the N e g r o w o u l d i n d i c a t e 
s t r o n g p r e j u d i c e . T h e s e a l t e r n a t i v e s a r e c h a r a c t e r i s t i c of a r a t i n g 
c o n t i n u u m r a t h e r than a s c a l e s i n c e i t c a n n o t be s a i d that t h e y i n d i c a t e 
0, 5 0 , and 100 p e r c e n t p r e j u d i c e a s w o u l d be n e c e s s a r y to d e f i n e a 
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s c a l e of p r e j u d i c e in the s t r i c t s e n s e . It c a n be s e e n , h o w e v e r , that 
the r a t i n g c o n t i n u u m g i v e s a u s e f u l m e a s u r e m e n t of the p r e j u d i c e 
w h i t e s f e e l a g a i n s t N e g r o e s . S u c h a m e a s u r e m e n t c o u l d be u s e d by-
c i t y p l a n n e r s c h a r g e d w i t h the r e s p o n s i b i l i t y of r e c o m m e n d i n g r e l o c a ­
t i o n p l a n s i n c o n n e c t i o n w i t h u r b a n r e n e w a l p r o j e c t s i n N e g r o a r e a s , 
to c i t e one e x a m p l e . 
S c a l e s have b e e n d e v e l o p e d in the l a t e 1 9 4 0 ' s and e a r l y 1 9 5 0 ' s 
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to m e a s u r e c h a r a c t e r i s t i c s of n e i g h b o r h o o d s and o t h e r s o c i a l a r e a s . 
T h e y a r e c o m p o s i t e s c a l e s m a d e up of o b j e c t i v e p e r c e n t i l e i n d i c e s . 
P e r c e n t i l e i n d i c e s d e n o t e , a s a p e r c e n t a g e , the p o s i t i o n of a n i t e m 
o r o c c u r r e n c e i n r e l a t i o n to the s t a t i s t i c a l d i s t r i b u t i o n of a l l s u c h 
i t e m s o r o c c u r r e n c e s . F o r e x a m p l e , the 90th p e r c e n t i l e of e d u c a ­
t i o n a l s t a t u s d e n o t e s the l e v e l of e d u c a t i o n w h i c h o n l y 10 p e r c e n t of 
a l l p e o p l e i n the c o m m u n i t y h a v e s u r p a s s e d . T h e o t h e r 90 p e r c e n t 
of the p e o p l e a r e a t o r b e l o w the 90 p e r c e n t i l e l e v e l . 
The f i r s t s c a l e m e a s u r e d s o c i a l r a n k by c o m b i n i n g p e r c e n t i l e 
i n d i c e s of e d u c a t i o n a l s t a t u s , i n c o m e , and o c c u p a t i o n a l s t a t u s . The 
s e c o n d s c a l e m e a s u r e d d e g r e e of u r b a n i z a t i o n b y c o m b i n i n g p e r c e n ­
t i l e i n d i c e s of f e r t i l i t y , w o m e n i n the l a b o r f o r c e , and the d e n s i t y of 
h o u s i n g . A n d the t h i r d s c a l e m e a s u r e d s e g r e g a t i o n of r a c i a l g r o u p s 
by c o m b i n i n g p e r c e n t i l e i n d i c e s of the r a t i o of s i z e of m i n o r i t y 
g r o u p s i n the s o c i a l a r e a s c o m p a r e d w i t h the to ta l s i z e of the m i n o r i t y 
g r o u p s i n the l a r g e r a r e a b e i n g a n a l y z e d . 
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T h e s e m e a s u r e s c o u l d be u s e d by c i t y p l a n n e r s to i n d i c a t e o t h e r 
c h a r a c t e r i s t i c s of the m e a s u r e d n e i g h b o r h o o d s if c o r r e l a t i o n s c o u l d 
be e s t a b l i s h e d . S u c h v a l u e s w o u l d be i m p o r t a n t for d e c i s i o n m a k i n g 
i n r e l a t i o n to the n e i g h b o r h o o d s and the c i t y a s a w h o l e . 
D e t e r m i n i n g P r o b a b i l i t i e s of O c c u r r e n c e s 
E v e n though m e a s u r e m e n t s m a y i n d i c a t e t r e n d s and s o c i a l v a l u e s 
t h e r e s t i l l r e m a i n s u n c e r t a i n t y a b o u t f u t u r e o c c u r r e n c e s . V a r i o u s p r e ­
d i c t i o n s c a n be m a d e on the b a s i s of m e a s u r e m e n t s . H o w e v e r , w h a t 
i s n e e d e d in a d d i t i o n to m e a s u r e m e n t s i s s o m e w a y of e x p r e s s i n g d e g r e e s 
of c e r t a i n t y about p r e d i c t i o n s . 
D e t e r m i n i n g p r o b a b i l i t i e s of o c c u r r e n c e s i s of k e y i m p o r t a n c e to 
d e c i s i o n m a k i n g b e c a u s e , in e f f e c t , d e c i s i o n m a k i n g i s o f t e n a g a m b l e 
i n w h i c h the o u t c o m e of the d e c i s i o n i s by no m e a n s c e r t a i n . C i t y p l a n ­
n e r s , i n t h e i r r o l e s a s both d e c i s i o n m a k e r s and a d v i s o r s to d e c i s i o n 
m a k e r s , a r e s u c c e s s f u l in s o f a r a s the d e c i s i o n s t h e y a r e i n v o l v e d 
w i t h r e s u l t in o u t c o m e s f a v o r a b l e to the p u b l i c . T h e s e d e c i s i o n s w i l l 
have f a v o r a b l e r e s u l t s m o s t o f t e n w h e n t h e y a r e m a d e in a c c o r d a n c e 
w i t h the b e s t c h a n c e s for f a v o r a b l e o u t c o m e s . To a n s w e r q u e s t i o n s 
about c o n f i d e n c e i n p r e d i c t i o n s , the m a t h e m a t i c s of p r o b a b i l i t y has 
b e e n d e v e l o p e d . 
P r e d i c t i o n s . - - B e f o r e p r o b a b i l i t y t h e o r y i s d i s c u s s e d , a f ew m e t h o d s 
of p r e d i c t i o n s h o u l d be d e s c r i b e d . P e r s i s t e n c e , t r a j e c t o r y , c y c l i c , 
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a s s o c i a t i v e , and a n a l o g u e t e c h n i q u e s of p r e d i c t i o n a r e c o m m o n . P e r ­
s i s t e n c e p r e d i c t i o n s i m p l y h o l d s that t h e r e w i l l be no c h a n g e , and the 
fu ture o c c u r r e n c e i s p r e d i c t e d to be the s a m e a s the p r e s e n t o c c u r r e n c e . 
T r a j e c t o r y p r e d i c t i o n a s s u m e s a t r e n d in w h i c h no c h a n g e i s f o r e s e e n . 
The t r e n d i s a s s u m e d to c o n t i n u e and a l t e r f u t u r e o c c u r r e n c e s by s u c ­
c e s s i v e i n c r e m e n t s . C y c l i c p r e d i c t i o n f o r e t e l l s f u t u r e o c c u r r e n c e s i n 
a c c o r d a n c e w i t h a r e p e a t i n g c y c l e of e v e n t s . A l l t h r e e of t h e s e p r e d i c ­
t i o n t e c h n i q u e s a r e s i m p l e e x t e n s i o n s of p a s t and p r e s e n t o c c u r r e n c e s . 
A s s o c i a t i v e p r e d i c t i o n d i f f e r s in that i t f o r e t e l l s the o c c u r r e n c e 
of o n e type of e v e n t by e x t e n d i n g r e c o r d s of a n o t h e r a s s o c i a t e d type of 
e v e n t . F o r e x a m p l e , the t o t a l a m o u n t of r e t a i l s e l l i n g s p a c e n e e d e d i n 
a c o m m u n i t y c o u l d be p r e d i c t e d to r i s e if the p o p u l a t i o n w e r e to r i s e . 
In o t h e r w o r d s , a s s o c i a t i v e p r e d i c t i o n i s b a s e d o n r e c o r d s of i n d i c e s 
r a t h e r t h a n o n d i r e c t m e a s u r e m e n t s of the p h e n o m e n a to be p r e d i c t e d . 
In the e x a m p l e g i v e n , p o p u l a t i o n i s a n i n d e x of r e t a i l s e l l i n g s p a c e . 
P r e d i c t i o n w h i c h t a k e s in to a c c o u n t c a u s e s of c h a n g e i s a s s o c i a t i v e 
p r e d i c t i o n . G o v a r i a n c e a n d c a u s a t i o n m a y both be u s e d for m a k i n g 
p r e d i c t i o n s . 
A n a l o g u e p r e d i c t i o n f o r e t e l l s e v e n t s by a n a l o g y . M a t h e m a t i c a l 
a n a l o g y i s the p r e f e r r e d t y p e . N o t i c e that a n a l o g u e p r e d i c t i o n d e p e n d s 
h e a v i l y o n m o d e l s , d e f i n e d e a r l i e r i n the c h a p t e r a s s y m b o l i c s u b s t i ­
t u t e s for r e a l i t y . A s w e l l a s s y m b o l i c m o d e l s , r e a l s i t u a t i o n s m i g h t 
a l s o be u s e d p r o f i t a b l y a s in the c a s e of p r e d i c t i n g a c i t y ' s p o p u l a t i o n 
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b y c o m p a r i n g i t s g r o w t h to a s i m i l a r g r o w t h p e r i o d i n the h i s t o r y of 
a n o t h e r c i t y of a s i m i l a r t y p e . N e v e r t h e l e s s , t h e r e a r e g r e a t d i f f i c u l ­
t i e s w i t h u s i n g r e a l s i t u a t i o n s f o r a n a l o g y . T h u s , m a t h e m a t i c a l and 
s t a t i s t i c a l m o d e l s m a y be b e t t e r s u i t e d to a n a l o g u e p r e d i c t i o n i n m a n y c a s e s . 
M u l t i p l e c o r r e l a t i o n e q u a t i o n s a v o i d the d i s a d v a n t a g e s of u s i n g r e a l 
s i t u a t i o n s f o r a n a l o g y . S e v e r a l d i f f e r e n t c a u s e s of the o c c u r r e n c e w h i c h i s 
to be p r e d i c t e d c a n be i s o l a t e d and r e l a t e d to the o c c u r r e n c e w i t h the a i d 
of p a r t i a l c o r r e l a t i o n a n a l y s i s . T h e n w h i c h e v e r of the c a u s e s i s found 
to be i n f l u e n c i n g the o c c u r r e n c e i n a p a r t i c u l a r c a s e c a n be c o m b i n e d , 
s e l e c t i v e l y , in to a m u l t i p l e c o r r e l a t i o n e q u a t i o n w h i c h c a n be u s e d to 
m a k e the p r e d i c t i o n . U s i n g r e a l s i t u a t i o n s i t i s o f t e n i m p o s s i b l e to f ind 
the s a m e s e t of c a u s e s o p e r a t i n g to i n f l u e n c e a n o c c u r r e n c e in bo th a 
p a s t s i t u a t i o n and a p r e s e n t s i t u a t i o n f o r w h i c h a f u t u r e p r e d i c t i o n i s to 
be m a d e . 
P r o b a b i l i t y t h e o r y . - - H a v i n g b r i e f l y r e v i e w e d p r e d i c t i o n t e c h n i q u e s , 
the n e x t s u b j e c t to c o n s i d e r i s p r o b a b i l i t y t h e o r y . T h e r e a r e two t y p e s 
of p r o b a b i l i t y , e q u a l c h a n c e p r o b a b i l i t y ( s u c h a s the e n a c t m e n t of a n 
o r d i n a n c e w h e n f o r c e s f o r i t and a g a i n s t i t a r e e v e n l y d i v i d e d ) and u n ­
e q u a l c h a n c e p r o b a b i l i t y ( s u c h a s the e n a c t m e n t f o r a n o r d i n a n c e w h i c h 
i s f a v o r e d by the p o l i t i c a l p a r t y w i t h the m o s t v o t e s ) . W h e n no e v i d e n c e 
c a n be found that one o u t c o m e i s a n y m o r e l i k e l y t h a n a n o t h e r , the o u t ­
c o m e s a r e e x p r e s s e d w i t h e q u a l c h a n c e p r o b a b i l i t i e s of o c c u r r e n c e . 
In t h i s c a s e , the p r o b a b i l i t i e s of t h e s e o u t c o m e s a r e e q u a l . O n the 
o t h e r hand, if t h e r e i s e v i d e n c e to s h o w that o n e o u t c o m e i s m o r e l i k e l y 
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than a n o t h e r , the o u t c o m e s a r e e x p r e s s e d w i t h u n e q u a l c h a n c e p r o b a b i l ­
i t i e s s h o w i n g the r e l a t i v e l y g r e a t e r o r l e s s e r c h a n c e s of o c c u r r e n c e . If 
o n e o u t c o m e has a t w e n t y - f i v e p e r c e n t c h a n c e of o c c u r r i n g and a n o t h e r 
o u t c o m e i s t w i c e a s p r o b a b l e , the p r o b a b i l i t y of o c c u r r e n c e for t h e 
s e c o n d o u t c o m e i s f i f ty p e r c e n t . 
P r o b a b i l i t i e s a r e r a t i o s i n w h i c h the n u m b e r of o u t c o m e s for w h i c h 
p r o b a b i l i t y i s b e i n g e x p r e s s e d i s c o m p a r e d w i t h the t o t a l n u m b e r of c a s e s 
i n w h i c h t h e r e i s a c h a n c e of th i s p a r t i c u l a r o u t c o m e o c c u r r i n g . S ta ted 
a s a f o r m u l a , 
P r o b a b i l i t y s N u m b e r of o c c u r r e n c e s of o u t c o m e 
of o u t c o m e T o t a l n u m b e r of c a s e s 
P r o b a b i l i t i e s a r e u s u a l l y e x p r e s s e d in the f o r m of d e c i m a l n u m b e r s , 
o r t h e y m a y be e x p r e s s e d a s a p e r c e n t a g e c h a n c e ( i . e . , t h e r e i s a 9 5 p e r 
c e n t c h a n c e of a c e r t a i n o u t c o m e ) . J u s t a s p e r c e n t a g e s add up to 100 f o r 
the t o t a l n u m b e r of c a s e s , the s u m of d e c i m a l p r o b a b i l i t i e s of a l l p o s s i b l e 
o u t c o m e s i s e q u a l to o n e . 
In c o m p l e x s i t u a t i o n s p r o b a b i l i t i e s c a n be c o m b i n e d . F o r i n s t a n c e , 
if t w o i n d e p e n d e n t o u t c o m e s a r e p o s s i b l e , the p r o b a b i l i t y that o n e o r the 
o t h e r w i l l o c c u r i s the s u m of the p r o b a b i l i t i e s of e a c h o c c u r r e n c e s e p a ­
r a t e l y . In the c a s e of f l i p p i n g a c o i n , the p r o b a b i l i t y of o n e or the 
o t h e r i s 1 / 2 +" 1 / 2 o r o n e . On the o t h e r hand , the p r o b a b i l i t y of both 
o c c u r r i n g i s the p r o d u c t of the s e p a r a t e p r o b a b i l i t i e s . F l i p p i n g a c o i n 
t w i c e , the p r o b a b i l i t y of h e a d s a p p e a r i n g both t i m e s i s 1 / 2 x 1 / 2 o r 1 / 4 . 
O t h e r m a n i p u l a t i o n s of p r o b a b i l i t i e s a r e p o s s i b l e , but the d e t a i l s of 
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p r o b a b i l i t y t h e o r y c a n n o t be g o n e in to i n t h i s t h e s i s . T h e p o i n t m a d e 
h e r e i s o n l y that p r o b a b i l i t y t h e o r y i s a u s e f u l m a t h e m a t i c a l t o o l for 
e x p r e s s i n g d e g r e e s of c e r t a i n t y o r u n c e r t a i n t y . 
P r o b a b i l i t i e s c a n be u s e d i n t w o w a y s . F i r s t , t h e y c a n be u s e d 
w i t h s t a t i s t i c a l t e s t s to e s t a b l i s h d e g r e e s of c o n f i d e n c e i n c o m p a r i s o n s 
a m o n g data s e r i e s d e s i g n e d to s h o w the p r e s e n c e o r a b s e n c e of r a n d o m 
( e q u a l c h a n c e ) v a r i a t i o n s . A n d s e c o n d , p r o b a b i l i t i e s c a n be u s e d to 
e x p r e s s , d i r e c t l y , the c h a n c e of a p r e d i c t i o n b e i n g t r u e . A c t u a l l y 
t h e s e two w a y s of u s i n g p r o b a b i l i t i e s both a m o u n t to the s a m e th ing 
b e c a u s e t h e y a r e both e x p r e s s i o n s of c o n f i d e n c e in a p r e d i c t i o n . T h e 
d i s t i n c t i o n m e a n t to be m a d e h e r e i s that p r o b a b i l i t i e s m a y be u s e d 
a s a t h e o r e t i c a l t o o l of r e s e a r c h and a l s o a s p a r t of a u s e f u l m a t h e ­
m a t i c a l m o d e l d e v e l o p e d by r e s e a r c h . M a t h e m a t i c a l m o d e l s of d e c i ­
s i o n m a k e r s c a n n o t be c o n s t r u c t e d w i t h o u t the u s e of p r o b a b i l i t y t h e o r y . 
S o c i a l C o n t r o l 
A n a d d i t i o n a l f a c t o r to c o n s i d e r i n the c o n s t r u c t i o n and u s e of 
d e c i s i o n m a k e r s i s s o c i a l c o n t r o l . M a n y d i f f e r e n t t y p e s of s o c i a l 
c o n t r o l a r e i n o p e r a t i o n or a v a i l a b l e f o r u s e . S o c i a l c o n t r o l s c a n be 
thought of i n two m a j o r c a t e g o r i e s . The f i r s t c a t e g o r y i s n a t u r a l ; 
the s e c o n d i s f o r m a l . 
N a t u r a l s o c i a l c o n t r o l s a r e w h a t s o c i o l o g i s t s w o u l d c a l l f o l k ­
w a y s . T h e y a m o u n t to u n w r i t t e n a g r e e m e n t s of c u s t o m o r s o c i a l 
p r e s s u r e s t o w a r d c o n f o r m i t y . A s s u c h t h e y w o u l d p r o b a b l y a p p e a r 
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a s p a r t of the v a l u e s y s t e m of the d e c i s i o n m a k e r a f t e r b e i n g m e a s u r e d 
o n s o m e s o r t of s c a l e . F o r i n s t a n c e , the D e t r o i t A r e a S t u d y m e a s u r e d 
the f o l k w a y s of p r e j u d i c e u s i n g a n a t t i t u d e r a t i n g s c a l e . T h e s e m e a ­
s u r e m e n t s of p r e j u d i c e i n d i c a t e d the v a l u e p l a c e d upon r a c i a l s e g r e g a ­
t i o n by w h i t e p e o p l e i n D e t r o i t . If a n y k ind of s i g n i f i c a n t c h a n g e in 
the m a k e u p of f o l k w a y s c o u l d be s e e n t a k i n g p l a c e s o a s to i n f l u e n c e 
d e c i s i o n s w i t h i n the p e r i o d of p r e d i c t i o n , i t w o u l d be a p p r o p r i a t e to 
i n j e c t s u c h c h a n g e s in to the p r e d i c t i n g s y s t e m . T h e v a l u e s y s t e m of 
a d e c i s i o n m a k e r o n l y h o l d s c o n s t a n t s . 
O t h e r n a t u r a l c o n t r o l s o n s o c i e t y , s u c h a s e c o n o m i c f o r c e s , 
a r e s i m i l a r to n a t u r a l s o c i a l c o n t r o l s in that t h e y o p e r a t e s p o n t a n e ­
o u s l y . T h e y s h o u l d be t a k e n into a c c o u n t i n the d e c i s i o n m a k e r i n 
a w a y s i m i l a r to the w a y n a t u r a l s o c i a l c o n t r o l s a r e t a k e n in to a c c o u n t . 
F o r m a l s o c i a l c o n t r o l s a r e l a w s . T h e y a r e o f f i c i a l l y s a n c t i o n e d 
and e n f o r c e d by g o v e r n m e n t . T r e n d s of d e v e l o p m e n t c a n be d e t e c t e d 
i n l a w s . L a w s , t r e n d s of l a w , and i n n o v a t i o n s i n l a w s h o u l d take 
t h e i r p r o p e r p l a c e s i n the d e c i s i o n m a k e r s a s c o n s t a n t s o c i a l v a l u e s 
if t h e y a r e u n c h a n g i n g o r a s p r e d i c t i o n t r e n d s if t h e y s h o w s i g n s of 
c h a n g e . 
W h e n p o p u l a t i o n s g r o w i n s i z e and d e n s i t y f o r m a l s o c i a l c o n ­
t r o l s b e c o m e m o r e i m p o r t a n t . G i v e n c e r t a i n c o n d i t i o n s , i t m a y be 
i m p o s s i b l e to a c h i e v e d e s i r e d r e s u l t s w i t h o u t f o r m a l c o n t r o l s . T h i s 
i s w e l l i l l u s t r a t e d in c i t y p l a n n i n g h i s t o r y . P r i o r to t h i s c e n t u r y , in 
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w h i c h the U n i t e d S t a t e s has c h a n g e d f r o m a r u r a l c o u n t r y to an u r b a n 
o n e , f o r m a l p l a n n i n g c o n t r o l s w e r e of m i n o r i m p o r t a n c e . S u c h c o n t r o l s 
a s w e r e in e f f e c t w e r e n u i s a n c e c o n t r o l s to p r o t e c t n e i g h b o r f r o m n e i g h ­
bor and v e r y l i t t l e w a s a v a i l a b l e in the w a y 6 i c o n t r o l s to e n a b l e g o v e r n ­
m e n t s to c a r r y out c o m p r e h e n s i v e p r o g r a m s of c i t y i m p r o v e m e n t . Z o n ­
i n g , s u b d i v i s i o n r e g u l a t i o n , a n d o f f i c i a l m a p p o w e r s have a l l d e v e l o p e d , 
p r i m a r i l y i n th i s c e n t u r y , i n r e s p o n s e to h a p h a z a r d c i t y e x p a n s i o n a n d 
u n c o n t r o l l e d c i t y d e c a y . A n y d e c i s i o n m a k e r w h i c h f a i l s to take into 
a c c o u n t f o r m a l s o c i a l c o n t r o l s w i l l not m e e t p r e s e n t d a y d e m a n d s . 
P r e s e n t i n g F a c t s and A l t e r n a t i v e s 
The p u r p o s e of a d e c i s i o n m a k e r u s e d by c i t y p l a n n e r s i s not to 
r e a c h the f inal b e s t a n s w e r , but , r a t h e r , to a c t a s a m o d e l for a n a l y s i s 
of a l t e r n a t i v e s . N o t w i t h s t a n d i n g the f a c t that c i t y p l a n n e r s h a v e t r a d i ­
t i o n a l l y a c k n o w l e d g e d that t h e i r t a s k s h o u l d be to p r e s e n t a l t e r n a t i v e s , 
t h e y s e l d o m f o l l o w e d the a c k n o w l e d g m e n t w i t h a l t e r n a t i v e p l a n s . In 
m o s t c a s e s c i t y p l a n n e r s h a v e had n e i t h e r the t i m e nor r e s o u r c e s 
to m a k e m o r e than one p l a n . The t i m e has c o m e to th ink i n t e r m s of 
a c t u a l l y p r e p a r i n g a l t e r n a t i v e p r o p o s a l s . 
A s m a t h e m a t i c a l m o d e l s , m e a s u r i n g t e c h n i q u e s , and a u t o m a t i c 
da ta p r o c e s s i n g s y s t e m s g a i n w i d e r u s e , a l t e r n a t i v e p l a n n i n g p r o p o s a l s 
c a n be m a d e m o r e r e a d i l y . It i s n o w b e c o m i n g p o s s i b l e f o r c i t y p l a n ­
n e r s to r e a l i s t i c a l l y s t r i v e f o r t h e i r i d e a l of p r e s e n t i n g f a c t s and a l t e r ­
n a t i v e s i n the b e s t t r a d i t i o n of p e r f o r m i n g a s t a f f s e r v i c e . 
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The F i n a l A n a l y s i s 
F i n a l d e c i s o n s of how a c i t y s h o u l d d e v e l o p a r e p r o p e r l y l e f t to 
the p u b l i c , a c t i n g t h r o u g h t h e i r p o l i t i c a l r e p r e s e n t a t i v e s . But c i t y 
p l a n n e r s c a n i n f l u e n c e f ina l d e c i s i o n s by p r e s e n t i n g f a c t s and a l t e r ­
n a t i v e s in a n o b j e c t i v e w a y . P l a n n e r s h a v e the o p p o r t u n i t y to i n j e c t 
r a t i o n a l th ink ing into p o l i t i c a l p r o c e s s e s by m a k i n g a v a i l a b l e e x p e r t 
r e s e a r c h and s y n t h e s i s of f a c t s and i d e a s . It i s in t h i s w a y that c i t y 
p l a n n e r s h a v e m o s t to o f f e r in the p r o c e s s of p l a n n i n g for the p u b l i c 
g o o d . 
C H A P T E R V 
D E T A I L E D P R O B L E M S O L V I N G 
O n c e the m a j o r p o l i c y d e c i s i o n s h a v e b e e n m a d e , the t a s k of the 
c i t y p l a n n e r n a r r o w s to the d e s i g n of d e f i n i t e p r o j e c t s for i m p l e m e n t i n g 
t h o s e p o l i c i e s , and the d e t a i l e d s o l u t i o n of s p e c i f i c p r o b l e m s c o m e s 
in to p r i m a r y i m p o r t a n c e . T h i s i s the p l a n n i n g f u n c t i o n w h i c h l e a d s 
d i r e c t l y to a c t i o n . L o n g = r a n g e p l a n s w h i c h w e r e a d o p t e d a s a n e x p r e s ­
s i o n of m a j o r p o l i c y d e c i s i o n s a r e , a t t h i s p o i n t , t r a n s l a t e d into s h o r t -
r a n g e p l a n s c a l l i n g for s p e c i f i c a c t i o n i n the n e a r f u t u r e . T h i s c h a p t e r 
i s p r i m a r i l y c o n c e r n e d w i t h m e t h o d s w h i c h c a n be u s e d to s o l v e the 
s p e c i f i c p r o b l e m s that m u s t be s o l v e d i n the c o u r s e of m a k i n g s p e c i f i c , 
s h o r t - r a n g e p l a n s . 
The d e t a i l e d d e v e l o p m e n t p l a n f u n c t i o n w h i c h M e y e r s o n d e s c r i b e s 
w o u l d s e r v e a s a " c o m p r o m i s e b e t w e e n i m m e d i a t e p r o b l e m s a n d f u t u r e 
e x p e c t a t i o n s which w i l l p e r m i t c o h e r e n t p o l i c y e f f e c t u a t i o n . T h i s type 
of p l a n p r e p a r a t i o n w i l l r e q u i r e d e t a i l e d , t i m e d and l o c a l i z e d p r o g r a m ­
m i n g of g o v e r n m e n t a l p o l i c i e s for p r i v a t e a s w e l l a s p u b l i c a c t i o n s . 
D e t a i l e d c o s t e s t i m a t e s of p r i v a t e a s w e l l a s p u b l i c d e v e l o p m e n t , and 
s p e c i f i c a d m i n i s t r a t i v e and l e g a l m e a s u r e s to c a r r y out the p r o g r a m s 
w i l l h a v e to be w o r k e d o u t . "^ T h e s e s h o r t - r a n g e p l a n s w o u l d c o v e r 
a p e r i o d of f i ve to t e n y e a r s and w o u l d be r e v i s e d e a c h y e a r to " i n d i c a t e 
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the s p e c i f i c c h a n g e s i n l a n d u s e p r o g r a m m e d e a c h y e a r , the r a t e of 
n e w g r o w t h , the p u b l i c f a c i l i t i e s to be b u i l t , the s t r u c t u r e s to be r e ­
m o v e d , the p r i v a t e i n v e s t m e n t r e q u i r e d , the e x t e n t and s o u r c e s of 
p u b l i c funds to be r a i s e d , the t a x and o t h e r i n c e n t i v e s to e n c o u r a g e 
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p r i v a t e b e h a v i o r r e q u i s i t e to the p l a n . " 
T h i n k i n g of d e s i g n s f o r d e v e l o p m e n t a s s p e c i f i c , s h o r t - r a n g e 
p l a n s for i m p l e m e n t i n g p o l i c y , the p r o b l e m i s w e l l d e f i n e d and the 
q u e s t i o n b e c o m e s how to s o l v e i t . 
H o w to s o l v e i t . - - I n 1 6 2 9 a m a t h e m a t i c i a n and p h i l o s o p h e r b y the n a m e 
of R e n e D e s c a r t e s , w h o i n c i d e n t a l l y w a s the i n v e n t o r of a n a l y t i c g e o m -
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e t r y , w r o t e a t r e a t i s e c a l l e d R u l e s for the D i r e c t i o n of the M i n d in 
w h i c h it w a s h i s i n t e n t i o n to g i v e a u n i v e r s a l m e t h o d to s o l v e p r o b l e m s . 
T h i s t r e a t i s e i s o n e of the m o s t s u c c e s s f u l e a r l y a t t e m p t s to b u i ld a 
s y s t e m of h e u r i s t i c . H e u r i s t i c i s s i m p l y the s t u d y of m e t h o d s and 
r u l e s of d i s c o v e r y and i n v e n t i o n . It o v e r l a p s the f i e l d s of l o g i c , p h i ­
l o s o p h y , and p s y c h o l o g y . A s a un ique f i e l d of s t u d y , h e u r i s t i c has not 
g a i n e d m u c h p r o m i n e n c e o r a p p l i c a t i o n in the m o d e r n w o r l d e v e n t h o u g h 
it i s the b a s i s for s c i e n t i f i c r e a s o n i n g . M o d e r n h e u r i s t i c d o e s e x i s t 
h o w e v e r . 
In 1951 R u d o l f F l e s c h c o n t r i b u t e d a p o p u l a r i z e d v e r s i o n of h e u -
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r i s t i c i n h i s b o o k by the t i t l e of T h e A r t of C l e a r T h i n k i n g . P r e v i o u s l y 
in 1 9 4 5 , G. P o l y a i n t r o d u c e d a s o m e w h a t m o r e t e c h n i c a l book c a l l e d 
H o w to S o l v e It . S i n c e t h e n P o l y a h a s c o n t r i b u t e d t w o o t h e r v o l u m e s 
I l l 
and a s e c o n d e d i t i o n of H o w to S o l v e It . It i s P o l y a ' s i n t e n t i o n to 
r e v i v e the s t u d y of h e u r i s t i c and p r e s e n t a m o d e r n h e u r i s t i c s e e k i n g 
to d e v e l o p "a b e t t e r u n d e r s t a n d i n g of the m e n t a l o p e r a t i o n s t y p i c a l l y 
u s e f u l in s o l v i n g p r o b l e m s . 
S i n c e h e u r i s t i c i s a b a s i s f o r s c i e n t i f i c thought and p r o b l e m 
s o l v i n g , i t i s a p p r o p r i a t e to p r e s e n t a b r i e f s u m m a r y of h e u r i s t i c 
p r i n c i p l e s a t t h i s p o i n t i n the t h e s i s . 
To b e g i n the s u m m a r y , h e r e i s a l i s t of m a j o r p o i n t s f r o m T h e 
A r t of C l e a r T h i n k i n g . T h e y a r e p r e s e n t e d f i r s t b e c a u s e t h e y a r e 
b r o a d e r i n s c o p e and m o r e f u n d a m e n t a l than a r e the m a j o r p o i n t s of 
How to S o l v e It . 
1. T h i n k i n g i s m a n i p u l a t i o n of m e m o r i e s . 
2 . D i s c o v e r y i s the r e s u l t of u s i n g m e m o r y to s e e n e w s i t u a ­
t i o n s i n d i f f e r e n t w a y s . 
3 . C l a s s i f i c a t i o n of i t e m s or p o s s i b i l i t i e s i s a p o w e r f u l t o o l 
w i t h w h i c h to s e e k d i s c o v e r y . 
4 . D i s c o v e r y m a y r e s u l t f r o m a c c i d e n t and h u n c h . T h e a c c i d e n ­
ta l c l u e i s r e c o g n i z e d by a r e c e p t i v e m i n d , w h i l e the h u n c h 
b e c o m e s e v i d e n t f r o m a s t u d y of f a c t s . 
5. T h e a b i l i t y to s o l v e p r o b l e m s i s the a b i l i t y to s p o t the k e y 
f a c t o r i n a c o n f u s i n g s i t u a t i o n e v e n t h o u g h the k e y m a y be 
h a r d to d i s t i n g u i s h f r o m the b a c k g r o u n d i t i s a g a i n s t . In 
o t h e r w o r d s , to s o l v e a p r o b l e m , l o o k for the k e y in s e e m ­
i n g l y i r r e l e v a n t f a c t o r s of a s i t u a t i o n and s e e k to a s s o c i a t e 
the k e y w i t h a m e a n i n g f u l , but p e r h a p s s e e m i n g l y u n s u i t a b l e , 
m e m o r y . 
In a d d i t i o n to t h e s e f i v e m a j o r p o i n t s , R u d o l f F l e s c h o f f e r s f o u r ­
t e e n t i p s to i m p r o v e t h i n k i n g . T h e y a r e w o r t h r e p e a t i n g h e r e a s a 
1 1 2 
t r a n s i t i o n f r o m the p r e c e e d i n g l i s t to a s u m m a r y of H o w to S o l v e It . 
1. W r i t e the p r o b l e m d o w n . 
2 . T r a n s l a t e the p r o b l e m in to p l a i n E n g l i s h . 
3 . If p o s s i b l e , t r a n s l a t e the p r o b l e m in to f i g u r e s , m a t h e m a t i c a l 
s y m b o l s o r g r a p h s . 
4 . D o n ' t r e l y o n y o u r m e m o r y but u s e w r i t t e n o r p r i n t e d s o u r c e s . 
5. K n o w how to u s e a l i b r a r y . 
6. T a k e n o t e s and k e e p f i l e s . 
7. D i s c u s s the p r o b l e m w i t h o t h e r s . 
8. U s e a c h e c k l i s t of c a t e g o r i e s , a d d i n g n e w o n e s f r o m t i m e to 
t i m e . 
9 . T r y t u r n i n g the p r o b l e m u p s i d e d o w n . 
1 0 . D o n ' t be a f r a i d of the r i d i c u l o u s . 
1 1 . If y o u f e e l f r u s t r a t e d , d o n ' t w o r r y . R e l a x ; t u r n to o t h e r w o r k ; 
r e s t ; s l e e p . 
1 2 . T a k e t i m e to be by y o u r s e l f . F r e e y o u r s e l f of t r i v i a l w o r k . 
Shut out i n t e r r u p t i o n . 
1 3 . K n o w the t i m e of d a y w h e n y o u r m i n d w o r k s b e s t and a r r a n g e 
y o u r s c h e d u l e a c c o r d i n g l y . 
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1 4 . W h e n y o u g e t a n i d e a , w r i t e it d o w n . 
T h e r e i s not s p a c e to e x p l a i n the v a l i d i t y of F l e s c h ' s l i s t of t i p s 
o r the v a l i d i t y of h i s f i v e m a j o r p o i n t s . E v e n if t h e r e w e r e it w o u l d be 
s u p e r f l u o u s to d o s o b e c a u s e i t h a s a l r e a d y b e e n d o n e i n The A r t of 
C l e a r T h i n k i n g . 
T u r n i n g now to G. P o l y a it s h o u l d be s a i d that the e m p h a s i s i n 
H o w to S o l v e It i s p l a c e d o n e x a m p l e s of the t e c h n i q u e of p r o b l e m 
113 
s o l v i n g . E x p l a n a t i o n s of w h y t h e s e t e c h n i q u e s w o r k a r e h a r d l y c o n s i d e r 
It i s f o r t h i s r e a s o n that H o w to S o l v e It and T h e A r t of C l e a r T h i n k i n g 
s h o u l d be r e a d t o g e t h e r . 
T h e i m p o r t a n c e of How to S o l v e It i s that i t p r o p o s e s a s e r i e s of 
q u e s t i o n s w h i c h c a n be u s e d to s t i m u l a t e a p e r s o n i n t o r e a c h i n g a s o l u ­
t i o n to h i s p r o b l e m . T h e q u e s t i o n s a r e a s k e d for f o u r p u r p o s e s . The 
f i r s t q u e s t i o n s a r e a s k e d i n the i n t e r e s t of p r o d u c i n g a n u n d e r s t a n d i n g 
of the p r o b l e m . The n e x t g r o u p of q u e s t i o n s i s a s k e d in the i n t e r e s t of 
d e v i s i n g a p l a n to s o l v e the p r o b l e m . The t h i r d g r o u p of q u e s t i o n s 
m o n i t o r the c a r r y i n g out of the p l a n . A n d the l a s t g r o u p of q u e s t i o n s 
c h e c k s the c o r r e c t n e s s of the s o l u t i o n , a s s e s s e s the u s e f u l n e s s of the 
s o l u t i o n , and s t r e n g t h e n s the i m p r i n t of the s o l u t i o n o n the u s e f u l e x ­
p e r i e n c e of the p r o b l e m s o l v e r . The q u e s t i o n s f o l l o w . 
U n d e r s t a n d i n g the P r o b l e m 
1. What i s the u n k n o w n ? 
2 . What a r e the d a t a ? 
3 . W h a t a r e the c o n d i t i o n s ? 
(What r e s t r i c t i o n s m u s t the s o l u t i o n r e c k o n w i t h ? ) 
4 . I s i t p o s s i b l e to s a t i s f y the c o n d i t i o n s ? 
5. A r e the c o n d i t i o n s s u f f i c i e n t to d e t e r m i n e the 
u n k n o w n ? 
6 . A r e the c o n d i t i o n s r e d u n d a n t ? 
7 . A r e the c o n d i t i o n s c o n d r a d i c t o r y ? 
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D e v i s i n g a P l a n of S o l u t i o n 
1. D o y o u k n o w a r e l a t e d p r o b l e m or a n a n a l o g o u s 
p r o b l e m w h i c h has b e e n s o l v e d b e f o r e ? 
2 . D o y o u k n o w a p r o b l e m h a v i n g the s a m e or a 
s i m i l a r u n k n o w n ? 
3 . C a n y o u u s e i t s r e s u l t or i t s m e t h o d for the p r o ­
b l e m at h a n d ? 
4 . C a n y o u i n t r o d u c e s o m e a u x i l i a r y i d e a i n o r d e r to 
m a k e i t s u s e p o s s i b l e ? 
5 . C a n y o u r e s t a t e the p r o b l e m ? 
6 . C a n y o u r e s t a t e the p r o b l e m a s a m o r e s p e c i a l 
p r o b l e m , a m o r e g e n e r a l p r o b l e m , o r a m o r e 
a c c e s s i b l e p r o b l e m ? 
7 . If y o u c a n n o t s o l v e the p r o b l e m r i g h t a w a y , c a n 
y o u s o l v e p a r t of the p r o b l e m ? 
8 . C a n y o u s o l v e a r e l a t e d p r o b l e m ? 
9 . D i d y o u u s e a l l the d a t a ? 
1 0. C a n you th ink of o t h e r data w h i c h c o u l d be u s e d 
to d e t e r m i n e the u n k n o w n ? 
1 1. D i d y o u u s e the w h o l e c o n d i t i o n ( a l l the r e s t r i c ­
t i o n s )? 
1 2 . C a n y o u s e p a r a t e p a r t s of the p r o b l e m ? 
1 3 . If y o u k e e p o n l y a p a r t of t h e c o n d i t i o n and d r o p 
t h e o t h e r p a r t , how far i s the u n k n o w n d e t e r m i n e d ? 
1 4 . C a n you c h a n g e the u n k n o w n o r the d a t a , o r both 
if n e c e s s a r y , s o that the n e w u n k n o w n and the n e w 
d a t a a r e n e a r e r to e a c h o t h e r ? 
1 5 . H a v e y o u t a k e n i n t o a c c o u n t a l l e s s e n t i a l n o t i o n s 
i n v o l v e d i n the p r o b l e m ? 
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C a r r y i n g Out the P l a n of S o l u t i o n 
1. C a n y o u s e e c l e a r l y that e a c h s t e p i s c o r r e c t ? 
2 . C a n y o u p r o v e that e a c h s t e p i s c o r r e c t ? 
L o o k i n g B a c k 
1. C a n y o u c h e c k the r e s u l t ? 
2 . C a n you c h e c k t h e a r g u m e n t ? 
3 . C a n y o u d e r i v e the r e s u l t d i f f e r e n t l y ? 
4 . C a n y o u see the r e s u l t at a g l a n c e ? 
(Is i t o b v i o u s to y o u ? ) 
5 . C a n y o u u s e the r e s u l t o r m e t h o d for s o l v i n g s o m e 
o t h e r p r o b l e m ? 
F o r the c a r e f u l p r o b l e m s o l v e r w h o s t u d i e s h i s p r o b l e m w i t h 
p a t i e n c e , d e v i s i n g a p l a n of s o l u t i o n i s l i k e l y to be the c r u c i a l s t e p . 
It i s in t h i s s t e p of p r o b l e m s o l v i n g that t h i n k i n g , a s F l e s c h d e f i n e s i t , 
t a k e s p l a c e i n i t s m o s t c r e a t i v e f o r m . A l l the q u e s t i o n s in the s e c o n d 
g r o u p a r e a s k e d w i t h the p u r p o s e of c r e a t i n g a s s o c i a t i o n b e t w e e n the 
c u r r e n t p r o b l e m and m e m o r i e s . G o i n g b a c k to The A r t of C l e a r T h i n k ­
ing , i t i s found that the d e f i n i t i o n of th ink ing i s " m a n i p u l a t i o n of m e m o ­
r i e s " w h i c h enables n e w s i t u a t i o n s to be s e e n in d i f f e r e n t w a y s . P r o ­
b l e m s o l v i n g i s d e p e n d e n t on d i s c o v e r i e s r e s u l t i n g f r o m t h i s k ind of 
t h i n k i n g . 
M e m o r i e s , w h i c h a r e s o v i t a l l y i m p o r t a n t to f i n d i n g s o l u t i o n s 
for p r o b l e m s , c a n be thought of a s a d d i t i o n a l d a t a . M e m o r i e s a r e a 
c o l l e c t i o n of f a c t s or i m p r e s s i o n s t a k e n f r o m e x p e r i e n c e m o r e or l e s s 
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a t r a n d o m . C e r t a i n m e m o r i e s m a y r e e n f o r c e o t h e r s o r , in o t h e r c a s e s , 
d e t r a c t f r o m them. M e m o r i e s c a n be g r o u p e d t o g e t h e r and r e l a t e d to 
e a c h o t h e r . What i s s u g g e s t e d h e r e i s that m e m o r i e s c a n be t r e a t e d 
s t a t i s t i c a l l y . S t a t i s t i c s a r e a k ind of m e m o r y . T h i s s u g g e s t i o n i s 
t r e a t e d i n m o r e d e t a i l i n the f o l l o w i n g s e c t i o n . 
S t a t i s t i c s a s a b a s i s f o r d e s i g n . - - T h e i m p o r t a n c e of s t a t i s t i c s a s a ba­
s i s f o r d e s i g n i n g s p e c i f i c p l a n s l i e s i n the f a c t that p r o b a b i l i t i e s and 
m a t h e m a t i c a l c o n s t a n t s a r e d e v e l o p e d t h r o u g h u s e of s t a t i s t i c s . In 
o t h e r w o r d s , m e a s u r e m e n t s a r e s t a t i s t i c a l l y d e t e r m i n e d . S i n c e the 
d e s i g n of s p e c i f i c p l a n s d e p e n d s u p o n m e a s u r e m e n t s of p a s t e x p e r i e n c e 
and a v a i l a b l e r e s o u r c e s , the i m p o r t a n c e of s t a t i s t i c s to d e s i g n i s g r e a t . 
A l l e n g i n e e r s r e c o g n i z e the i m p o r t a n c e of m a t h e m a t i c a l c o n ­
s t a n t s and t h e y n o r m a l l y a l l o w f o r p r o b a b i l i t i e s of e r r o r by u s i n g 
s a f e t y f a c t o r s . E n g i n e e r i n g h a n d b o o k s s u p p l y e n g i n e e r s w i t h l i s t 
a f t e r l i s t of t y p i c a l s a f e t y f a c t o r s and m a t h e m a t i c a l c o n s t a n t s w h i c h 
t h e y m i g h t n e e d to a p p l y in the c o u r s e of t h e i r w o r k . In the f i e l d of 
t r a f f i c e n g i n e e r i n g , for i n s t a n c e , s t a t i s t i c s a r e a v a i l a b l e w h i c h g i v e 
c a p a c i t i e s p e r hour o n v a r i o u s d i f f e r e n t t y p e s of r o a d w a y s and a l o n g 
w i t h c a p a c i t i e s c o r r e c t i o n f a c t o r s a r e s u p p l i e d for c o n d i t i o n s s u c h 
a s w i d t h of l a n e , t y p e s of v e h i c l e s i n the t r a f f i c , i n t e r s e c t i o n c o n -
g 
t r o l s , p e r c e n t of t u r n i n g t r a f f i c , s p e e d s of trz i f f ic , and o t h e r s . 
T h e s e t r a f f i c s t a t i s t i c s a r e e x a m p l e s of m a t h e m a t i c a l c o n s t a n t s w h i c h 
c a n be a p p l i e d to s p e c i f i c s i t u a t i o n s . 
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S t r u c t u r a l e n g i n e e r i n g g i v e s a g o o d e x a m p l e of the u s e of s a f e t y 
f a c t o r s . N o r m a l l y a s t r u c t u r e i s d e s i g n e d by c o m p u t i n g the f o r c e s 
w h i c h p r o d u c e s t r e s s e s and s t r a i n s i n the b u i l d i n g m a t e r i a l s , m u l t i ­
p l y i n g the f o r c e s by a s a f e t y f a c t o r o f 1. 5 , 2 , 5 o r w h a t e v e r h a s b e e n 
found d e s i r a b l e , and t h e n s p e c i f y i n g bu i ld ing m a t e r i a l s and m e t h o d s 
w h i c h w i l l w i t h s t a n d the s t r e s s e s and s t r a i n s c o m p u t e d w i t h the d e s i r ­
a b l e s a f e t y f a c t o r . E v e n if the a s s u m p t i o n s m a d e i n c o m p u t i n g f o r c e s 
i n the s t r u c t u r e w e r e not a b s o l u t e l y c o r r e c t , u s e of the s a f e t y f a c t o r 
i n c r e a s e s the p r o b a b i l i t y that the s tructure w i l l w i t h s t a n d the f o r c e s to 
w h i c h it i s s u b j e c t e d a f t e r i t i s b u i l t . T h u s , u n f o r s e e n f o r c e s w i l l not 
l i k e l y be l a r g e e n o u g h to d e s t r o y the s t r u c t u r e . 
A s e r i e s of m a t h e m a t i c a l c o n s t a n t s and of c o r r e c t i o n f a c t o r s i s 
u r g e n t l y n e e d e d f o r a p p l i c a t i o n to c i t y p l a n n i n g p r o b l e m s . W i t h o u t 
t h e m e a c h p r o b l e m w i l l h a v e to be h a n d l e d i n e a c h c i t y a s a b r a n d 
n e w r e s e a r c h p r o b l e m . N e e d l e s s to s a y , s e p a r a t e r e s e a r c h o n e a c h 
p r o b l e m i s i n e f f i c i e n t and l i k e l y to g i v e p o o r r e s u l t s b e c a u s e a d e q u a t e 
a t t e n t i o n c a n n o t be g i v e n to e a c h p r o b l e m o n t h i s s e p a r a t e b a s i s . 
S o m e p r o g r e s s i s b e i n g m a d e t o w a r d d e v e l o p i n g s t a t i s t i c a l 
t a b l e s w h i c h c i t y p l a n n e r s c a n u s e . T w o m a j o r c o n t r i b u t i o n s c o m e 
to m i n d i m m e d i a t e l y . The f i r s t i s H a r l a n d B a r t h o l o m e w ' s c o m p i l a ­
t i o n of l a n d u s e s i n A m e r i c a n c i t i e s , i n w h i c h a n e f f o r t w a s m a d e to 
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g i v e p e r c e n t a g e s of l a n d in v a r i o u s t y p e s of l a n d u s e by t y p e s of c i t y . 
The s e c o n d m a j o r s t a t i s t i c a l c o n t r i b u t i o n to c i t y p l a n n i n g w a s r e c e n t l y 
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i s s u e d u n d e r the s p o n s o r s h i p of the A m e r i c a n I n s t i t u t e of P l a n n e r s and 
the F e d e r a l R e s e r v e B a n k of B o s t o n . It i s a c o m p i l a t i o n of m u n i c i p a l 
c o s t s and r e v e n u e s r e s u l t i n g f r o m c o m m u n i t y g r o w t h i n s m a l l to m e d i u m 
s i z e d N e w E n g l a n d c o m m u n i t i e s . ^ M o r e t a b l e s of t h i s s o r t n e e d to be 
d e v e l o p e d and put in to c i r c u l a t i o n s o that the m a x i m u m a m o u n t of d e s i g n 
m a t e r i a l w i l l be c o n v e n i e n t l y a v a i l a b l e to c i t y p l a n n e r s . A c i t y p l a n n i n g 
handbook w h i c h w o u l d be kept u p - t o - d a t e p e r i o d i c a l l y i s n e e d e d to fu l f i l l 
t h i s n e e d . 
C i t y p l a n n i n g h a n d b o o k . - - A c i t y p l a n n i n g h a n d b o o k w o u l d be a book i n 
w h i c h a l l t a b l e s c o n t a i n i n g i n f o r m a t i o n a p p l i c a b l e to g e n e r a l c i t y p l a n ­
ning p r o b l e m s c o u l d be d i s p l a y e d . T h i s , i n i t s e l f , w o u l d be w o r t h w h i l e 
b e c a u s e at the p r e s e n t t i m e i m p o r t a n t t a b u l a r i n f o r m a t i o n i s w i d e l y 
s c a t t e r e d in a n y n u m b e r of p u b l i c a t i o n s , s o m e of w h i c h a r e r e l a t i v e l y 
w e l l k n o w n and s o m e of w h i c h a r e o b s c u r e . T h e t a b u l a t i o n s of l a n d u s e 
and m u n i c i p a l c o s t s and r e v e n u e s , c i t e d a b o v e , a r e a m o n g the w e l l 
k n o w n , a s a r e c e n s u s p u b l i c a t i o n s and t a b u l a t i o n s i n the r e p o r t s of 
the P l a n n i n g A d v i s o r y S e r v i c e . In c o n t r a s t , m a n y v a l u a b l e t a b u l a t i o n s 
a p p e a r o n l y i n p u b l i c a t i o n s of i n d i v i d u a l c i t i e s and a r e c o n s e q u e n t l y 
u n a v a i l a b l e to a l a r g e e x t e n t . U n t i l t h e s e l a t t e r t a b u l a t i o n s a r e a s s e m ­
b l e d and a v e r a g e d w i t h o t h e r s f r o m s i m i l a r c o m m u n i t i e s , t h e y w i l l 
not h a v e w i d e u s e o u t s i d e the a r e a s f o r w h i c h t h e y w e r e d e v e l o p e d . 
T h e e d i t o r s of a c i t y p l a n n i n g h a n d b o o k w o u l d be in a p e r f e c t p o s i t i o n 
to c o n s o l i d a t e d a t a , w h i c h a r e l a r g e l y g o i n g to w a s t e t o d a y , in to i m ­
p o r t a n t t a b u l a t i o n s u s e f u l to c i t y p l a n n e r s a l l o v e r the c o u n t r y . 
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B e y o n d t a b u l a r p r e s e n t a t i o n s , a c i t y p l a n n i n g handbook s h o u l d 
c o n t a i n f o r m u l a s and s t a n d a r d s in a l l b r a n c h e s of p l a n n i n g . A n e x ­
a m p l e of f o r m u l a s w h i c h m i g h t be i n c l u d e d i s the o n e e x p r e s s i n g 
R e i l l y ' s l a w of r e t a i l g r a v i t a t i o n , d e s c r i b e d in C h a p t e r II ( s e e p p . 2 7 - 2 8 ) . 
T h e r e a r e m a n y e x a m p l e s of s t a n d a r d s w h i c h s h o u l d be i n c l u d e d ; f o r 
i n s t a n c e , t h e r e a r e s u b d i v i s i o n s t a n d a r d s and N a t i o n a l R e c r e a t i o n 
A s s o c i a t i o n s t a n d a r d s w h i c h p l a n n e r s u s e a g r e a t d e a l . T o b r i n g t h e s e 
f o r m u l a s and s t a n d a r d s t o g e t h e r into a c i t y p l a n n i n g handbook w o u l d 
g r e a t l y s i m p l i f y m a n y p a r t s of the job of c i t y p l a n n e r s . 
A n o t h e r type of i n f o r m a t i o n w h i c h s h o u l d be i n c l u d e d i n a c i t y 
p l a n n i n g h a n d b o o k i s a g r o u p of g e n e r a l i z e d o u t l i n e s f o r the m a j o r 
t y p e s of c i t y p l a n n i n g s t u d i e s . 
A c i t y p l a n n i n g h a n d b o o k i n c l u d i n g t a b l e s , f o r m u l a s and s t a n d a r d s , 
and s t u d y o u t l i n e s w o u l d g o a l o n g w a y t o w a r d s a t i s f y i n g q u e s t i o n s of 
how to s o l v e it It; w o u l d e f f i c i e n t l y r e f r e s h m e m o r i e s , g i v e m e t h o d s 
of s o l v i n g t y p i c a l p r o b l e m s , g i v e r e l i a b l e i n f o r m a t i o n , and p r o v i d e 
c h e c k l i s t s for b a s i c s t u d i e s . T h e s e a r e a l l a i d s to the a r t of c l e a r 
t h i n k i n g . 
D e s i g n d e c i s i o n s . - - A s m e n t i o n e d a t the b e g i n n i n g of t h i s c h a p t e r , the 
d e s i g n s t a g e of p l a n n i n g i n w h i c h s p e c i f i c s h o r t - r a n g e p l a n s of a c t i o n 
a r e m a d e , i s a s t a g e i n w h i c h the m a j o r p u r p o s e i s to f i t a c t i v e c i t y 
d e v e l o p m e n t to l o n g r a n g e g o a l s . Of ten th i s l e a d s to the n e e d f o r c o m ­
p r o m i s e . The d e s i g n s t a g e i s p r i m a r i l y t e c h n i c a l r a t h e r than p o l i t i c a l . 
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but w h e n s i g n i f i c a n t l y i m p o r t a n t c o m p r o m i s e s i n d e s i g n a r e c a l l e d f o r 
and t h e r e a r e a c c e p t a b l e a l t e r n a t i v e s , a p u b l i c d e c i s i o n i s i n o r d e r . 
M a j o r s h i f t s in p u b l i c o p i n i o n , e c o n o m i c c o n d i t i o n s , and d e s i g n 
s t a n d a r d s a r e e a c h l i k e l y to l e a d to the n e e d for n e w p u b l i c d e c i s i o n s . 
In c i t y p l a n n i n g , s t a n d a r d s f r o m a h a n d b o o k m a y n e v e r be f l e x i b l e 
e n o u g h to a p p l y d i r e c t l y to e a c h l o c a l s i t u a t i o n . D e s i g n s t a n d a r d s a r e 
he lp fu l and t h e y s h o u l d be u s e d by c i t y p l a n n e r s , but i n m a n y c a s e s 
t h e y w i l l h a v e to be a d j u s t e d to the p a r t i c u l a r c o m m u n i t y in w h i c h t h e y 
a r e u s e d . 
In e f f e c t , d e s i g n s t a n d a r d s g i v e to a c i t y p l a n n e r the s o l u t i o n to 
a r e l a t e d p r o b l e m . It r e a m i n s f o r the p l a n n e r to a s k h i m s e l f how he 
c a n u s e the s o l v e d p r o b l e m to he lp i n s o l v i n g the u n s o l v e d p r o b l e m . 
If he s t i l l c a n n o t s o l v e the p r o b l e m at hand , he m i g h t a s k h i m s e l f 
how he m i g h t c h a n g e the p r o b l e m in o r d e r to a r r i v e at a s o l u t i o n . In 
t h i s w a y he w i l l d e v e l o p a l t e r n a t i v e s , and in s o d o i n g he m a y r a i s e 
p o l i c y q u e s t i o n s w h i c h w i l l n e e d to be d e c i d e d i n the p o l i t i c a l s t r u c ­
t u r e of g o v e r n m e n t . 
What i s i l l u s t r a t e d h e r e , by the q u e s t i o n of how to ad ap t d e t a i l e d 
a c t i v i t i e s in a c i t y to l o n g r a n g e p o l i c y g o a l s , i s a c o n s t a n t l y c h a n g i n g 
p r o c e s s of i n t e r d e p e n d e n t o c c u r r e n c e s . In a c t i n g u p o n i t s e l f , the p r o ­
c e s s of c i t y d e v e l o p m e n t e x h i b i t s w h a t h a s c o m e to be k n o w n a s f e e d ­
b a c k . F e e d b a c k i s the s u b j e c t of the f o l l o w i n g c h a p t e r . 
CHAPTER VI 
REAPPRAISAL 
The feedback r e v i e w function M e y e r s o n s u g g e s t s d e s c r i b e s "the 
planning agency as ana lyzer of the c o n s e q u e n c e s of program and p r o ­
ject ac t iv i t i e s in order to guide, future act ion . "̂  Unintended as we l l 
as intended consequences are to be appra i sed . " . . . quest ions 
must be asked and answered s o that we can l e a r n from our e x p e r i e n c e 
2 
and can adjust our future programming and planning. " 
"The m o r e such a rev iew function i s p e r f o r m e d , the m o r e e a s i l y 
it can be p e r f o r m e d . A s a body of r e v i e w knowledge is built up /Jas 
for example_[7 on the parking ef fects of h ighways , on the use made of 
p laygrounds , on whether public housing and redeve lopment pro jec t s 
achieve their o b j e c t i v e s , on the impact of o f f - s t r e e t loading ord inances , 
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the m o r e s i m p l y can new m e a s u r e s be gauged. " 
Before going further, it is appropriate to cons ider the bas ic 
concept of feedback. 
Feedback . - - F e e d b a c k i s the t e r m used to re fer to the p r o c e s s which 
makes two or m o r e things mutual ly interdependent . If feedback i s 
operat ing , each of the two or m o r e things is both c a u s e and effect . 
The effect on one thing caused by another b e c o m e s the cause of change 
in the other , and so on. The dist inguishing c h a r a c t e r i s t i c of feedback 
122 
in a s y s t e m i s the p r e s e n c e of a c l o s e d l o o p in w h i c h i n f o r m a t i o n i s 
c i r c u l a t e d f r o m o n e p a r t to a n o t h e r , e n a b l i n g s e l f - e x c i t a t o r y b e h a v i o r 
i n the s y s t e m . A t y p i c a l f e e d b a c k l o o p i s i l l u s t r a t e d i n the f o l l o w i n g 
d i a g r a m of a n o r d i n a r y h e a t i n g s y s t e m for a b u i l d i n g . 
S o u r c e : T h e E d i t o r s of S c i e n t i f i c A m e r i c a n , A u t o m a t i c C o n t r o l . N e w 
The r o o m t e m p e r a t u r e ( T ) c a u s e s the t h e r m o s t a t ( T h ) to r e g u l a t e 
the f u r n a c e ( F ) and the r e g u l a t e d f u r n a c e c a u s e s a c h a n g e i n the r o o m 
t e m p e r a t u r e . T h i s i s a c o n s t a n t l y a d j u s t i n g s y s t e m of c a u s e and e f f e c t 
w h i c h i s s e l f - r e g u l a t i n g . 
T h e g r e a t a d v a n t a g e of f e e d b a c k c o n t r o l i s that i t i s a c t u a t e d d i ­
r e c t l y by the q u a n t i t y to be c o n t r o l l e d , "and it c o r r e c t s i n d i s c r i m i n a t e l y 
F i g . 8 D i a g r a m of a T y p i c a l F e e d b a c k L o o p 
Y o r k : S i m o n and S c h u s t e r , 1 9 5 5 , p . 12 . 
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for a l l k inds of d i s t u r b a n c e . T h u s , d e t a i l e d t h e o r y of a l l p o s s i b l e 
c o n d i t i o n s a f f e c t i n g the q u a n t i t y to be c o n t r o l l e d , and p r e d i c t i o n s of 
w h e n e a c h c o n d i t i o n w i l l o c c u r , i s not n e e d e d . T h i s g r e a t l y s i m p l i ­
f i e s the c o n t r o l s y s t e m and a v o i d s the g r o s s e r r o r s w h i c h m i g h t o c c u r 
and go u n n o t i c e d i n a c o n t r o l s y s t e m w i t h o u t f e e d b a c k . 
F e e d b a c k c o n t r o l has o n e d i s a d v a n t a g e w h i c h c a n r a n g e a n y w h e r e 
f r o m b e i n g n e g l i g a b l e to be ing r u i n o u s . T h e r e m u s t a l w a y s be s o m e 
e r r o r i n f e e d b a c k c o n t r o l b e c a u s e it i s the e r r o r w h i c h i s d e p e n d e d 
upon to b r i n g a b o u t the c o r r e c t i o n . T h e s m a l l e r the e r r o r a l l o w e d , 
the m o r e a c c u r a t e w i l l be the f e e d b a c k c o n t r o l . 
T h e r e a r e t h r e e m a j o r r e q u i r e m e n t s w h i c h m u s t be m e t i n 
o r d e r to e n a b l e s u c c e s s f u l f e e d b a c k c o n t r o l . F i r s t , t h e r e m u s t be a 
m e a n s of e f f e c t i n g c h a n g e s n e e d e d to m a i n t a i n c o n t r o l . In o t h e r w o r d s , 
t h e r e m u s t be a c a p a b l e r e g u l a t i n g o r g a n of s o m e s o r t . S e c o n d , the 
q u a n t i t y to be c o n t r o l l e d m u s t be m e a s u r a b l e and t h e r e m u s t be s o m e 
s o r t of d e v i c e for m e a s u r i n g i t . " T h i r d , both r e g u l a t i o n and m e a s u r e -
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m e n t m u s t be r a p i d e n o u g h f o r the j o b i n h a n d . " 
N o t h i n g f u r t h e r n e e d s to be s a i d , at t h i s p o i n t , ab ou t the f i r s t 
t w o r e q u i r e m e n t s , but the t h i r d r e q u i r e m e n t n e e d s s o m e e x p l a n a t i o n . 
T h e s p e e d w i t h w h i c h f e e d b a c k c o n t r o l o p e r a t e s i s i m p o r t a n t b e c a u s e 
too s l o w r e g u l a t i o n a n d m e a s u r e m e n t l e t e r r o r s b e c o m e l a r g e and 
o v e r c o r r e c t i o n r e s u l t s , l e a d i n g to i n c r e a s i n g o s c i l l a t i o n i n the c o n ­
t r o l p r o c e s s r a t h e r t h a n to s e t t l i n g d o w n . W h e n o s c i l l a t i o n s g r o w , 
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c o n t r o l i s l o s t and e r r o r s b e c o m e s o l a r g e that the c o n t r o l s y s t e m 
b e c o m e s u s e l e s s . 
The k e y to p r o g r e s s in f e e d b a c k c o n t r o l has b e e n in f ind ing w a y s 
to p r e v e n t o s c i l l a t i o n . T h r e e w a y s to r e d u c e o s c i l l a t i o n a r e to r e d u c e 
t i m e l a g by: 
(1) i n c r e a s i n g the s p e e d of t r a n s m i t t i n g the 
f e e d b a c k s i g n a l s , 
(2) i n t r o d u c i n g a t i m e - l e a d , a n t i c i p a t i n g 
the t i m e - l a g , 
a n d 
(3) i n t r o d u c i n g o t h e r f e e d b a c k s , b e s i d e s the 
m a i n o n e , d e s i g n e d s o a s to r e d u c e t i m e - l a g . 
" M o d e r n a c h i e v e m e n t s in a u t o m a t i c c o n t r o l a r e b a s e d on the u s e of 
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c o m b i n a t i o n s of s u c h d e v i c e s to o b t a i n both a c c u r a c y and s t a b i l i t y . " 
A g r e a t d e a l of p r o g r e s s h a s b e e n m a d e i n r e c e n t y e a r s t o w a r d 
u n d e r s t a n d i n g f e e d b a c k and t o w a r d p r o d u c i n g m a c h i n e s c a p a b l e of 
c o n t r o l l i n g t h e m s e l v e s . T h e i n c r e a s i n g u s e of e l e c t r o n i c c o m p u t e r s 
and the a d v e n t of a u t o m a t i c f a c t o r i e s i n d i c a t e s t h i s p r o g r e s s i n b o l d 
t e r m s . T h e s e p a r t i c u l a r a p p l i c a t i o n s of a u t o m a t i c f e e d b a c k c o n t r o l , 
h o w e v e r , a r e not the o n l y u s e of the f e e d b a c k c o n c e p t i m p o r t a n t to 
c i t y p l a n n i n g . S e m i - a u t o m a t i c a p p l i c a t i o n s of the f e e d b a c k c o n c e p t 
w i l l a l s o be u s e f u l . S i n c e a n u n d e r s t a n d i n g of t e l e m e t e r i n g i s n e e d e d 
to f u r t h e r e x p l a i n f e e d b a c k c o n t r o l and i t s s e m i - a u t o m a t i c a p p l i c a t i o n s , 
t h i s i m p o r t a n t l i n k i n f e e d b a c k s y s t e m s i s d e s c r i b e d i n the f o l l o w i n g 
s e c t i o n . 
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T e l e m e t e r i n g . - - T h e t e r m t e l e m e t e r i n g r e f e r s to "the p r a c t i c e of r e ­
m o t e m e a s u r e m e n t . "^ That i s , the thing b e i n g m e a s u r e d i s s o m e 
d i s t a n c e a w a y f r o m the p o i n t at w h i c h the m e a s u r e m e n t s a r e r e c o r d e d 
for u s e . The t e l e m e t e r i n g s y s t e m i n c l u d e s the m e a s u r i n g d e v i c e , a 
t r a n s m i t t i n g d e v i c e , and a r e g i s t e r i n g d e v i c e . 
W h e n f e e d b a c k s y s t e m s u s e i n f o r m a t i o n o r m e a s u r e m e n t s w h i c h 
a r e m a d e at one po in t but r e g i s t e r e d at a n o t h e r p o i n t s o m e d i s t a n c e 
a w a y , t h e y a r e u s i n g t e l e m e t e r l i n k s . In a s e m i - a u t o m a t i c f e e d b a c k 
s y s t e m , the t e l e m e t e r l i n k m a y be a l l that i s a u t o m a t i c . A f t e r the 
d e s i r e d m e a s u r e m e n t s a r e m a d e , t r a n s m i t t e d , and r e g i s t e r e d , the 
f e e d b a c k l o o p m a y be c l o s e d o n l y by the a c t i o n of a h u m a n b e i n g . In 
the h e a t i n g s y s t e m e x a m p l e , a s e m i - a u t o m a t i c f e e d b a c k l o o p w o u l d 
o p e r a t e a s f o l l o w s . T h e r o o m t e m p e r a t u r e w o u l d be m e a s u r e d by the 
t h e r m o s t a t and the t h e r m o s t a t w o u l d r e g i s t e r the m e a s u r e m e n t by 
t u r n i n g o n a l i g h t i n the f u r n a c e r o o m . A t t h i s p o i n t the j a n i t o r w o u l d 
take o v e r , o p e r a t i n g the f u r n a c e to r a i s e r o o m t e m p e r a t u r e w h i l e 
the l i g h t w a s o n and w i t h h o l d h e a t w h i l e the l i g h t w a s off. 
A m o r e r e a l i s t i c e x a m p l e i s g i v e n i n the c a s e of the a u t o m a t i c 
da ta r e c o r d i n g s y s t e m u s e d by O a k w o o d , Ohio ( s e e pp . 7 8 - 7 9 ) . One 
type of d a t a r e c o r d e d i s p o l i c e c a l l - b o x c h e c k - i n s . S o l o n g a s r o u ­
t ine c h e c k - i n s a r e m a d e at r e g u l a r i n t e r v a l s no a c t i o n i s t a k e n . B u t 
if the p o l i c e m a n o n the b e a t m i s s e s a c h e c k - i n , a n i n v e s t i g a t i o n i s 
s t a r t e d to d e t e r m i n e the t r o u b l e . A f t e r the c a u s e of the m i s s e d 
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c h e c k - i n i s e l i m i n a t e d , r o u t i n e c h e c k - i n s a r e a g a i n m a d e at r e g u l a r 
i n t e r v a l s . 
T h e m o s t f a m i l i a r e x a m p l e of t e l e m e t e r i n g i s p r o b a b l y the t e l e ­
m e t e r i n g of t e s t r o c k e t s in the w e a p o n s and s a t e l l i t e d e v e l o p m e n t 
p r o g r a m s of the U n i t e d S t a t e s and R u s s i a . T h e s e r o c k e t s a r e i n s t r u ­
m e n t e d w i t h d e v i c e s to s e n d b a c k huge v o l u m e s of da ta c o n c e r n i n g 
how the r o c k e t s p e r f o r m and w h a t c o n d t i o n s t h e y f ind i n t h e i r p a t h s . 
B e c a u s e of the t e l e m e t e r i n g i n s t r u m e n t s , e v e n r o c k e t s w h i c h do not 
c o m p l e t e t h e i r p l a n n e d f l i g h t s p r o d u c e v a l u a b l e i n f o r m a t i o n . The 
i n f o r m a t i o n g a i n e d t h r o u g h r o c k e t t e l e m e t e r i n g i s u s e d to i m p r o v e 
r o c k e t d e s i g n , t h o u g h t h i s p r o c e s s i s not a u t o m a t i c . T h i s i s w h y e v e n 
r o c k e t s w h i c h do not c o m p l e t e t h e i r p l a n n e d f l i g h t s a r e not c o n s i d e r e d 
f a i l u r e s . 
The un ique t r a i t of t e l e m e t e r i n g i s that it e n a b l e s o t h e r w i s e 
i n a c c e s s a b l e data to be g a t h e r e d . T o g a i n t h i s b e n e f i t , h o w e v e r , r e ­
q u i r e s f o r e t h o u g h t . T e l e m e t e r i n g m u s t be b u i l t in to the th ing to be 
m e a s u r e d s o that a m o r e o r l e s s c o n t i n u o u s s e t of m e a s u r e m e n t s c a n 
be d e r i v e d o v e r the w h o l e h i s t o r y of that w h i c h i s m e a s u r e d . T h i s 
r e q u i r e m e n t for f o r e t h o u g h t i n t e l e m e t e r i n g i s a c r i t i c a l i d e a w h i c h 
n e e d s to be t a k e n s e r i o u s l y in c i t y p l a n n i n g . 
C i t y p l a n n e r s s h o u l d i n s t r u m e n t a c t i v i t i e s for w h i c h t h e y have 
r e s p o n s i b i l i t i e s and i n t e r e s t s . B y m a k i n g p r o v i s i o n to m e a s u r e 
t h e s e a c t i v i t i e s a s t h e y take p l a c e , the a c t i v i t e s w i l l h a v e r e s e a r c h 
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v a l u e no m a t t e r how t h e y a f f e c t the c i t y . T h i s c o n c e p t i s a l l the m o r e 
i m p o r t a n t b e c a u s e of the d i f f i c u l t y , e v e n i m p o s s i b i l i t y , of c a r r y i n g 
out c o n t r o l l e d l a b o r a t o r y e x p e r i m e n t s in c i t y p l a n n i n g l i k e t h o s e o f t e n 
p o s s i b l e i n the p h y s i c a l s c i e n c e s . The s o c i a l e f f e c t s of c i t y p l a n n i n g 
i n n o v a t i o n s a r e so g r e a t that e v e r y e f f o r t s h o u l d be m a d e to g a i n m a x i ­
m u m k n o w l e d g e f r o m e a c h o n e . 
T h e r e c o r d c o n t r o l s y s t e m f o r h o u s i n g l a w e n f o r c e m e n t r e p o r t e d , 
i n B a l t i m o r e , i s a n e x c e l l e n t e x a m p l e of how c i t y a c t i v i t i e s c a n be 
d e s i g n e d for c o n t i n u o u s m e a s u r e m e n t f r o m s t a r t to f i n i s h ( s e e p p . 
7 5 - 7 6 ) . O t h e r d e m o n s t r a t i o n g r a n t p r o j e c t s s p o n s o r e d by the H o u s i n g 
and H o m e F i n a n c e A g e n c y in c o n n e c t i o n w i t h u r b a n r e n e w a l p r o g r a m s 
e n c o u r a g e a c t i v i t i e s to be a s s e s s e d at e v e r y s t e p . T h e s e p r o g r a m s 
a r e by no m e a n s s m a l l i n i m p o r t a n c e . 
The r e a p p r i s a l f u n c t i o n of c i t y p l a n n i n g i s a f u n c t i o n i n w h i c h 
a l l the o t h e r f u n c t i o n s a r e c o m b i n e d , and c o n s e q u e n t l y i t w i l l v e r y 
o f t e n l e a d to c h a n g e in the o r i g i n a l p l a n s . T h u s , t h e r e i s a n e e d for 
f l e x i b l e p l a n s . 
T h e n e e d for f l e x i b l e p l a n s . - - O n l y in s i m p l e and u n c h a n g i n g s i t u a t i o n s 
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a r e s i n g l e d e c i s i o n s a d e q u a t e . M o s t s i t u a t i o n s a r e e i t h e r c o m p l e x , 
s o that t h e r e i s u n c e r t a i n t y ab ou t w h a t the b e s t d e c i s i o n i s , or t h e y 
a r e c h a n g i n g , s o that what i s the b e s t d e c i s i o n at o n e t i m e m a y not 
be b e s t at a l a t e r t i m e . T h u s , t h e r e i s u s u a l l y r e a s o n to m a k e a 
s e q u e n c e of d e c i s i o n s d e p e n d i n g o n n e w c o n d i t i o n s and r e s u l t s of 
p r e v i o u s d e c i s i o n s . 
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B y d e f i n i t i o n a p l a n w h i c h i s not f l e x i b l e i s h a r d to c h a n g e . If 
a p l a n c a n n o t c h a n g e to k e e p s t e p w i t h n e w d e c i s i o n s w h i c h b e c o m e 
n e c e s s a r y , t h e r e w i l l be c o n f l i c t b e t w e e n p l a n and d e c i s i o n and o n e 
w i l l d a m a g e the o t h e r . E i t h e r the p l a n w i l l f o r c e i n f e r i o r a c t i v i t i e s 
u p o n the c i t y o r it w i l l b e c o m e i n e f f e c t i v e and b r a n d the p l a n n i n g p r o ­
g r a m a s a w a s t e of t i m e . 
A c e r t a i n a m o u n t of s t a b i l i t y i n p l a n s i s n e e d e d b e c a u s e it i s 
h a r d f o r a c i t y and i t s p e o p l e to a d j u s t to a l o n g s e r i e s of r a p i d c h a n g e s . 
In f a c t , one of the m a j o r t a s k s of c i t y p l a n n i n g i s to s t a b i l i z e c h a n g e s 
s o that t h e y take p l a c e at a r a t e w h i c h c a n be a d j u s t e d to w i t h o u t h a r d ­
s h i p . O n l y if c i t y p l a n n i n g m a n a g e s to s t a b i l i z e the c i t y ' s d e v e l o p ­
m e n t in t h i s m a n n e r w i l l it g a i n p u b l i c f a v o r and s u p p o r t . F r o m t h i s 
the p r i n c i p l e a r i s e s that p l a n s and d e c i s i o n s s h o u l d be c h a n g e d o n l y 
w h e n a m a j o r b e n e f i t w i l l r e s u l t . If l i t t l e i s t o be g a i n e d by the c h a n g e 
it m a y not be w o r t h the d i s r u p t i o n it w i l l c a u s e . B e n e f i t s to be g a i n e d 
f r o m a c h a n g e s h o u l d a l w a y s be w e i g h e d a g a i n s t the d i s a d v a n t a g e s of 
c h a n g e . 
The a d v a n t a g e of f l e x i b l e p l a n s i s that s m a l l c h a n g e s and c h a n g e s 
w h i c h a r e n o r m a l l y e x p e c t e d to o c c u r do not d i s r u p t t h e m . C o m m i t ­
m e n t s s h o u l d not be m a d e u n n e c e s s a r i l y and d e t a i l s s h o u l d not be 
a d d e d to p l a n s unt i l t h e y a r e n e c e s s a r y to a c h i e v e the g o a l s of the 
p l a n . If c o m m i t m e n t s and d e t a i l s a r e a d o p t e d b e f o r e n e c e s s a r y , p l a n s 
b e c o m e r i g i d and a r e l a i d o p e n to r e v e r s a l . H o w e v e r , w h e n e v e r a 
129 
r e a l n e e d for d e c i s i o n s and e s t a b l i s h i n g f i r m p l a n s c a n be d e m o n s t r a t e d 
t h e r e s h o u l d be no h e s i t a t i o n . 
C a r r y i n g out a p r o g r a m in p h a s e s i s a f r e q u e n t l y u s e d m e t h o d of 
k e e p i n g p l a n s f l e x i b l e . P r o p e r l y u s e d , i t i s a n a l o g o u s to the p i l o t 
p r o j e c t c o n c e p t o f t e n u s e d by s c i e n t i s t s . A l l the d e t a i l s of the f i r s t 
s t a g e of a p r o j e c t a r e w o r k e d out w i t h g r e a t c a r e and the f i r s t s t a g e i s 
put in to o p e r a t i o n . M e a n w h i l e , h o w e v e r , p l a n s f o r l a t e r s t a g e s of the 
p r o j e c t a r e kept t e n t a t i v e i n s o f a r a s p o s s i b l e . T h e l a t e r s t a g e s a r e 
d e t a i l e d o n l y a f t e r e x p e r i e n c e f r o m the p i l o t p r o j e c t b e c o m e s a v a i l ­
a b l e . The p i l o t p r o j e c t c o n c e p t " a c c e p t s the f a c t w h i c h has b e e n d o c u ­
m e n t e d t h o u s a n d s of t i m e s i n s c i e n t i f i c r e s e a r c h - - t h a t no a m o u n t of 
i n t u i t i o n , n a t i v e t a l e n t , o r s y s t e m a t i c thought w i l l s u b s t i t u t e f o r the 
c a r e f u l r e c o r d i n g , t a b u l a t i n g , and a n a l y s i s of t h e r e s e a r c h f a c t s . 
T h e s e f a c t s m u s t be o b t a i n e d b e f o r e the f ina l i n v e s t m e n t of m u c h t i m e , . 
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m o n e y , and e n e r g y i n a f u l l - s c a l e p r o j e c t . " G e n e r a l l y s p e a k i n g , a 
p r o g r a m c a n be c a r r i e d out m o s t s m o o t h l y and e c o n o m i c a l l y if it i s d o n e 
i n p h a s e s , u s i n g the p i l o t p r o j e c t c o n c e p t . 
In s u m m a r y , s e v e r a l a d v a n t a g e s of f l e x i b l e p l a n s c a n be l i s t e d . 
1. T h e y r e d u c e c o n f l i c t b e t w e e n p l a n and a c t i o n . 
2 . T h e y he lp c r e a t e a f e e l i n g of c o n f i d e n c e in p l a n s . 
3 . T h e y k e e p p l a n s r e a l i s t i c . 
4 . T h e y a l l o w the b e s t s o l u t i o n s to be found and 
a p p l i e d s m o o t h l y and e c o n o m i c a l l y . 
130 
T h e r e a p p r a i s a l f u n c t i o n of c i t y p l a n n i n g i s the l a s t of the f i v e 
f u n c t i o n s r e c o m m e n d e d by M e y e r s o n to e n a b l e c i t y p l a n n i n g to b e c o m e 
m o r e e f f e c t i v e . C o n s e q u e n t l y at t h i s p o i n t i n the t h e s i s , c o n s i d e r a t i o n 
of p l a n n i n g f u n c t i o n s i s c o m p l e t e d , B e y o n d t h i s p o i n t t h e r e r e m a i n to 
be s a i d a f e w w o r d s a b o u t o r g a n i z a t i o n of p l a n n i n g s t a f f s . The f o l l o w ­
ing c h a p t e r c o n t a i n s a f e w n o t e s o n o r g a n i z a t i o n , f o l l o w e d by a f e w 
b r i e f c o n c l u s i o n s and r e c o m m e n d a t i o n s . 
C H A P T E R VII 
N O T E S , C O N C L U S I O N S , A N D R E C O M M E N D A T I O N S 
In p r e c e e d i n g c h a p t e r s s e l e c t e d s c i e n t i f i c c o n c e p t s have b e e n 
d e s c r i b e d w i t h i n the f r a m e w o r k of f i v e c i t y p l a n n i n g f u n c t i o n s : (1) 
s u r v e y and a n a l y s i s of d a t a , (2 ) m a i n t a i n i n g a c o n t i n u o u s r e p o r t i n g 
of s e l e c t e d c r i t i c a l s e r i e s of d a t a , (3) c l a r i f y i n g p o l i c i e s o n w h i c h 
p l a n s a r e to be b a s e d , (4 ) m a k i n g d e t a i l e d p l a n s to i m p l e m e n t p o l i c i e s , 
and (5) e v a l u a t i n g the e f f e c t i v e n e s s and d e s i r a b i l i t y of r e s u l t s e m e r g ­
ing f r o m i t h e p l a n n i n g p r o g r a m . A n e f f o r t w a s m a d e to s h o w how the 
s e l e c t e d c o n c e p t s m a y be a p p l i e d to the f i v e f u n c t i o n s . 
S c i e n t i f i c c o n c e p t s c a n a c t u a l l y be a p p l i e d to the p l a n n i n g 
f u n c t i o n s o n l y by a n a c t i v e p l a n n i n g a g e n c y . T h u s , the q u e s t i o n a r i s e s : 
how s h o u l d p l a n n i n g a g e n c i e s be o r g a n i z e d to a p p l y s c i e n t i f i c c o n c e p t s 
e f f e c t i v e l y ? F o l l o w i n g a r e a f e w t h o u g h t s o n the s u b j e c t of o r g a n i z a t i o n . 
N o t e s o n P l a n n i n g O r g a n i z a t i o n 
I n the c o n t e x t of t h i s t h e s i s u r b a n r e s e a r c h and c i t y p l a n n i n g 
a r e i n s e p a r a b l e . T h o u g h a l l r e s e a r c h and p l a n n i n g i n a c i t y w i l l not 
be d o n e i n a s i n g l e a g e n c y , it m a k e s s e n s e t o c e n t r a l i z e the b a s i c 
r e s p o n s i b i l i t y for a l l r e s e a r c h and p l a n n i n g in o n e a g e n c y . * " T h e 
p r i n c i p a l d u t i e s of s u c h a n a g e n c y w o u l d be to s e r v e a s a c l e a r i n g ­
h o u s e for m u n i c i p a l i n v e s t i g a t i o n s , p l a n s , a n d i n f o r m a t i o n ; to a s s i s t 
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the c h i e f a d m i n i s t r a t o r in the c o r r e l a t i o n and i n t e g r a t i o n of the s t u d i e s 
and p l a n s of the v a r i o u s m u n i c i p a l d e p a r t m e n t s and a g e n c i e s ; to c o n ­
d u c t c e r t a i n r e s e a r c h a n d p l a n n i n g a c t i v i t i e s w h i c h c a n n o t be a s s i g n e d 
to the r e g u l a r c i t y d e p a r t m e n t s ; and to p r o v i d e a d v i c e and a s s i s t a n c e 
2 
to the d e p a r t m e n t s i n t h e i r r e g u l a r r e s e a r c h and p l a n n i n g w o r k . " 
A n a g e n c y i n a p o s i t i o n to o p e r a t e i n a c i t y a s j u s t d e s c r i b e d i s 
a t r u e s ta f f a g e n c y . It w o u l d be the " r i g h t hand m a n " of the c i t y ' s 
c h i e f e x e c u t i v e . I t s p o s i t i o n w o u l d be f a v o r a b l e to e f f e c t i v e r e s e a r c h 
and p l a n n i n g a c t i v i t e s o n a b r o a d s c a l e . 
C o n s i d e r i n g the s ta f f f u n c t i o n of r e s e a r c h and p l a n n i n g to be 
o p e r a t i o n s r e s e a r c h , c l u e s of e f f e c t i v e o r g a n i z a t i o n c a n be e x p e c t e d to 
c o m e f r o m e x p e r i e n c e s of e x i s t i n g o p e r a t i o n s r e s e a r c h a g e n c i e s , e s ­
p e c i a l l y t h o s e s e r v i n g g o v e r n m e n t a l c l i e n t s . 
T h r e e c o n d i t i o n s n e e d to e x i s t in o r d e r for o p e r a t i o n s r e s e a r c h 
3 
to be p r o d u c t i v e . The f i r s t c o n d i t i o n r e q u i r e s d e t a c h m e n t of o p e r a ­
t i o n s r e s e a r c h p e r s o n n e l f r o m d i r e c t r e s p o n s i b i l i t y f o r the o p e r a t i o n 
u n d e r s t u d y . It h a s b e e n found e s s e n t i a l to p r o t e c t o p e r a t i o n s r e s e a r c h 
p e r s o n n e l f r o m t h e h a r a s s m e n t of o p e r a t i o n a l r e s p o n s i b i l i t e s i n o r d e r 
for t h e m to be a b l e to s t u d y p r o b l e m s s c i e n t i f i c a l l y a n d i m p e r s o n a l l y . 
The s e c o n d c o n d i t i o n i s that o p e r a t i o n s r e s e a r c h p e r s o n n e l m u s t 
be g i v e n s u f f i c i e n t t i m e f o r r e s e a r c h . T h i s i s a n o t h e r r e a s o n to 
s e p a r a t e o p e r a t i o n s r e s e a r c h f r o m o p e r a t i n g r e s p o n s i b i l i t i e s . 
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T h e t h i r d c o n d i t i o n n e e d e d for o p e r a t i o n s r e s e a r c h i s that o p e r a ­
t i o n s r e s e a r c h p e r s o n n e l m u s t h a v e the c o n f i d e n c e of the e x e c u t i v e 
w h o h a s the r e s p o n s i b i l i t y for the d e c i s i o n . C o n f i d e n c e of the e x e c u ­
t i v e i s e s s e n t i a l b e c a u s e o n l y t h r o u g h that c o n f i d e n c e c a n o p e r a t i o n s 
be a p p l i e d . 
It i s e v i d e n t that o p e r a t i o n s r e s e a r c h g r o u p s s h o u l d be a t t a c h e d 
to a h igh e c h e l o n of m a n a g e m e n t . T h e i d e a l s i t u a t i o n w o u l d b e , of 
c o u r s e , to e s t a b l i s h the o p e r a t i o n s r e s e a r c h g r o u p a s a s ta f f a r m of 
the c h i e f e x e c u t i v e r e p o r t i n g d i r e c t l y to h i m . T h i s i s not a b s o l u t e l y 
n e c e s s a r y h o w e v e r . E x p e r i e n c e w i t h e x i s t i n g o p e r a t i o n s r e s e a r c h 
o r g a n i z a t i o n s has p r o v e d that the o p e r a t i o n s r e s e a r c h g r o u p c a n w o r k 
e f f e c t i v e l y e i t h e r a s a n i n t e g r a l p a r t of the a g e n c y i t w o r k s for or a s 
4 
a n o u t s i d e r , w o r k i n g t h r o u g h c o n t r a c t . Of c o u r s e , i n e i t h e r c a s e 
the o p e r a t i o n s r e s e a r c h g r o u p m u s t h a v e c o n t a c t w i t h u p p e r e c h e l o n 
m a n a g e m e n t . 
In a d d i t i o n to u p p e r e c h e l o n c o n t a c t s , o p e r a t i o n s r e s e a r c h w o r k e r s 
m u s t h a v e c o n t a c t s a t l o w e r e c h e l o n s w h e r e data a r e to be g a t h e r e d . 
It h a s b e e n found n e c e s s a r y f o r the o p e r a t i o n s r e s e a r c h w o r k e r to 
b e c o m e f a m i l i a r at f i r s t hand w i t h o p e r a t i o n s i n v o l v e d i n h i s r e s e a r c h 
and he m u s t g e t c l o s e e n o u g h to the a c t i o n to be a b l e to he lp f o r m u l a t e 
5 
the p r o b l e m a s w e l l a s to w o r k o n i t s s o l u t i o n . B y tak ing a n a d v i s o r y 
r o l e r e p o r t i n g d i r e c t l y to i m m e d i a t e o p e r a t i n g m a n a g e m e n t at the 
l e v e l of i n v e s t i g a t i o n a s w e l l a s r e p o r t i n g to u p p e r e c h e l o n s , o p e r a t i o n s 
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r e s e a r c h e r s g a i n the c o n f i d e n c e of o p e r a t i n g p e r s o n n e l and e n j o y t h e i r 
c o o p e r a t i o n . 
I n t e r n a l l y , o p e r a t i o n s r e s e a r c h r e q u i r e s the u s e of a m i x e d 
t e a m type of o r g a n i z a t i o n in w h i c h v a r i o u s s p e c i a l i s t s c o m p l e m e n t 
e a c h o t h e r to r e a c h a b a l a n c e d s o l u t i o n to t h e i r p r o b l e m . O p e r a t i o n s 
r e s e a r c h t y p i c a l l y r e q u i r e s s o m a n y d i f f e r e n t s p e c i a l i s t s f r o m t i m e 
to t i m e that m o s t p e r m a n e n t s t a f f s a r e not l a r g e e n o u g h to s u p p l y a l l 
the s p e c i a l i s t s . C o n s e q u e n t l y o p e r a t i o n s r e s e a r c h g r o u p s u s e c o n ­
s u l t a n t s f r e e l y a s m e m b e r s of t h e i r m i x e d t e a m s . 
T h r e e i m p l i c a t i o n s of o p e r a t i o n s r e s e a r c h e x p e r i e n c e for c i t y 
p l a n n i n g o r g a n i z a t i o n c a n be p o i n t e d out h e r e . 
(1) C i t y p l a n n i n g s t u d i e s s h o u l d be r e p o r t e d d i r e c t l y to the c i t y ' s 
c h i e f a d m i n i s t r a t o r . W h e t h e r t h i s r e p o r t i n g i s a c c o m p l i s h e d t h r o u g h 
d i r e c t o r g a n i z a t i o n a l c h a n n e l s , c o n t r a c t a g r e e m e n t s , o r i n f o r m a l 
a r r a n g e m e n t s w o u l d s e e m , f r o m o p e r a t i o n s r e s e a r c h e x a m p l e s , to 
m a k e l i t t l e d i f f e r e n c e . It i s not s o i m p o r t a n t w h e t h e r the c i t y p l a n ­
ning a g e n c y h a s d e p a r t m e n t a l s t a t u s w i t h i n the g o v e r n m e n t o r 
w h e t h e r it i s a s e p a r a t e c o m m i s s i o n a s l o n g a s the c i t y ' s c h i e f a d m i n ­
i s t r a t o r i s k e p t i n c l o s e c o n t a c t . 
(2) The c i t y p l a n n i n g a g e n c y s h o u l d r e s p e c t o p e r a t i n g d e p a r t ­
m e n t s of the c i t y and not m a k e t h e m f e e l a s though the p l a n n i n g a g e n c y 
i s about to s a b o t a g e t h e m . W o r k d o n e by the p l a n n i n g a g e n c y w h i c h 
w i l l a f f e c t a c i t y d e p a r t m e n t s h o u l d be r e p o r t e d to the a f f e c t e d d e p a r t ­
m e n t s ) a s the w o r k i s b e i n g d o n e . It m a y e v e n be g o o d p o l i c y to l o a n 
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p l a n n e r s f r o m the p l a n n i n g a g e n c y to o p e r a t i n g d e p a r t m e n t s w h e n 
s p e c i a l r e s e a r c h and p l a n n i n g j o b s n e e d to be d o n e w i t h i n the d e p a r t ­
m e n t s . ^ 
(3) The c i t y p l a n n i n g a g e n c y s h o u l d u s e s p e c i a l i s t s w h e n e v e r 
and of w h a t e v e r type r e q u i r e d by the p r o j e c t s u n d e r t a k e n . S o m e t i m e s 
the s p e c i a l i s t s w i l l be a v a i l a b l e w i t h i n the a g e n c y i t s e l f . O t h e r t i m e s 
s p e c i a l i s t s f r o m the v a r i o u s c i t y d e p a r t m e n t s m i g h t be u s e d . W h e n 
t h e s e two s o u r c e s f a i l , the r e q u i r e d s p e c i a l i s t s c a n be a c q u i r e d b y 
c o n t r a c t a s c o n s u l t a n t s . S p e c i a l i s t s s h o u l d be u s e d a s m e m b e r s of 
a t e a m . T h e y s h o u l d not be p e r m i t t e d m e r e l y to a t t a c k a p r o b l e m 
f r o m t h e i r o w n po int of v i e w and t u r n out t h e i r o w n s e p a r a t e r e p o r t s . 
I n s t e a d , t h e y s h o u l d be r e q u i r e d to w o r k , w i t h the w h o l e g r o u p of 
s p e c i a l i s t s , t o w a r d a c o m b i n e d s o l u t i o n to the p r o b l e m . 
B e y o n d t h e s e t h r e e p r i n c i p l e s , g e n e r a l i z a t i o n s about c i t y p l a n n i n g 
o r g a n i z a t i o n a r e h a r d to m a k e . B e c a u s e c i t y p l a n n i n g and r e s e a r c h 
w o r k i s d o n e l a r g e l y p r o j e c t by p r o j e c t , o r g a n i z a t i o n a l c h a n g e s w i t h i n 
the p l a n n i n g and r e s e a r c h a g e n c y a r e l i k e l y to b e c o m e n e c e s s a r y at 
r e l a t i v e l y f r e q u e n t i n t e r v a l s . F o r t h i s r e a s o n r i g i d i n t e r n a l o r g a n i ­
z a t i o n p r o b a b l y c a n n o t be m a d e to w o r k w e l l . The b e s t w a y to k e e p 
a n o r g a n i z a t i o n e f f e c t i v e , w h i l e at the s a m e t i m e k e e p i n g it f l e x i b l e , 
i s to k e e p it s m a l l e n o u g h s o that i n f o r m a l r e l a t i o n s h i p s w i l l a f f o r d 
a d e q u a t e c o n t r o l . S m a l l n e s s i n a n a g e n c y a l s o h a s the a d v a n t a g e 
that p r o p o r t i o n a t e l y l e s s t i m e w i l l h a v e to be s p e n t o n i n t e r n a l 
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a d m i n i s t r a t i v e m a t t e r s . T h u s , to the t h r e e p r i n c i p l e s d i s c u s s e d a b o v e , 
a f o u r t h and l a s t m i g h t be a d d e d : i t i s b e s t to k e e p a r e s e a r c h and 
p l a n n i n g a g e n c y r e l a t i v e l y s m a l l , p o s s i b l y e v e n to the p o i n t of d e p e n d -
7 
ing o n c o n s u l t i n g s p e c i a l i s t s to a c o n s i d e r a b l e e x t e n t . 
C o n c l u s i o n 
T h e f a c t that c i t y p l a n n i n g i s , at l e a s t i n p a r t , a n a p p l i e d s c i e n c e 
m e a n s that i t i s c o n c e r n e d w i t h s o l v i n g p r o b l e m s . R e s u l t s a r e p a r a ­
m o u n t . C o n s e q u e n t l y the m e t h o d s u s e d and the f i e l d s of k n o w l e d g e 
d r a w n u p o n d e p e n d o n w h a t the p r o b l e m s r e q u i r e . A n y m e t h o d or f i e l d 
of s t u d y c a p a b l e of o f f e r i n g a i d to the p r o b l e m s o l v i n g c i t y p l a n n e r 
s h o u l d be e x p l o i t e d to the f u l l e s t e x t e n t p o s s i b l e . A n u m b e r of c o n c e p t s , 
d e v e l o p e d i n the f i e l d s of p h y s i c a l a n d s o c i a l s c i e n c e s , m a t h e m a t i c s 
and s t a t i s t i c s , h a v e b e e n d e s c r i b e d i n t h i s t h e s i s i n a n e f f o r t to b r i n g 
t h e m to the a t t e n t i o n of c i t y p l a n n e r s . In s o f a r a s p o s s i b l e , s p e c i f i c 
a p p l i c a t i o n s of the c o n c e p t s h a v e b e e n i n d i c a t e d . It s h o u l d be r e a l i z e d , 
h o w e v e r , that t h e s e c o n c e p t s h a v e not b e e n w i d e l y u s e d i n c i t y p l a n n i n g 
a p p l i c a t i o n s up to the p r e s e n t t i m e . T h e r e f o r e , it i s h a r d to s a y i n 
j u s t w h a t f o r m t h e s e a p p l i c a t i o n s w i l l be m a d e . 
T h e i n e s c a p a b l e c o n c l u s i o n of t h i s t h e s i s i s that in the f u t u r e 
c i t y p l a n n e r s c a n e x p e c t s c i e n t i f i c c o n c e p t s to p l a y a g r o w i n g r o l e 
i n t h e i r p r o g r a m s of r e s e a r c h and p l a n n i n g . 
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R e c o m m e n d a t i o n s 
I . U s e s c i e n t i f i c a l l y t ra ined p l a n n e r s . - - I t i s r e c o m m e n d e d that p e o p l e 
w i t h s c i e n t i f i c t r a i n i n g s h o u l d be e n c o u r a g e d to b e c o m e c i t y p l a n n e r s 
o r at l e a s t to w o r k f o r c i t y p l a n n i n g a g e n c i e s . A s a c o r o l l a r y , i t i s 
r e c o m m e n d e d that the e d u c a t i o n of c i t y p l a n n e r s s h o u l d i n c l u d e the 
f u n d a m e n t a l s of s c i e n t i f i c t h o u g h t . C i t y p l a n n e r s w i l l n e e d to be a b l e 
to w o r k w i t h s c i e n t i s t s in o r d e r to take a d v a n t a g e of w h a t s c i e n c e has 
to o f f e r . F o r th i s t h e y w i l l n e e d a n u n d e r s t a n d i n g of s c i e n c e . The 
w o r l d of t o d a y i s a s c i e n t i f i c w o r l d and the w o r l d of t o m o r r o w w i l l be 
m o r e s c i e n t i f i c . C i t y p l a n n e r s c a n n o t be e x p e c t e d to be l e a d e r s i n 
a s c i e n t i f i c world , w i t h o u t b e i n g f a m i l i a r w i t h the b a s i s of that w o r l d . 
II. U s e the t e a m a p p r o a c h . - - T h e r e i s m u c h to be g a i n e d by a p p l y i n g 
s c i e n t i f i c c o n c e p t s to c i t y p l a n n i n g t h o u g h it i s not a l w a y s o b v i o u s j u s t 
e x a c t l y how the c o n c e p t s c a n b e s t be a p p l i e d . T h e t e a m a p p r o a c h w i l l 
be r e q u i r e d to f u r n i s h the n e e d e d a m o u n t of s p e c i a l i z e d k n o w l e d g e . 
T h i s t h e s i s has s o u g h t to g i v e c i t y p l a n n e r s e n o u g h i n f o r m a t i o n 
about s c i e n t i f i c c o n c e p t s and t e c h n i q u e s s o that t h e y w i l l be a b l e to 
r e c o g n i z e w h e n it i s a p p r o p r i a t e to u s e s c i e n t i f i c s p e c i a l i s t s t o h e l p 
t h e m s o l v e t h e i r p r o b l e m s . 
The e x p e r i e n c e of o p e r a t i o n s r e s e a r c h h a v e s h o w n the v a l u e of 
u s i n g a t e a m a p p r o a c h . W h e n a c i t y p l a n n e r i s f a c e d w i t h a n i n t e r ­
d i s c i p l i n a r y p r o b l e m , he w o u l d do w e l l to c o n s u l t w i t h e x p e r i e n c e d 
o p e r a t i o n s r e s e a r c h e r s for h e l p i n o r g a n i z i n g the n e c e s s a r y t e a m . 
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If the p r o b l e m has an e c o n o m i c f a c e t the t e a m s h o u l d i n c l u d e a q u a l i f i e d 
e c o n o m i s t . If the p r o b l e m c a l l s for m e a s u r e m e n t of s o c i a l v a l u e s a 
q u a l i f i e d s o c i o l o g i s t o r p s y c h o l o g i s t s h o u l d be i n c l u d e d . P r o b l e m s 
i n v o l v i n g d a t a p r o c e s s i n g r e q u i r e the s p e c i a l t i e s of e l e c t r o n i c e n g i n e e r s 
and c o m p u t e r p r o g r a m m e r s . P r o b l e m s i n h e u r i s t i c m i g h t r e q u i r e 
p h i l o s o p h e r s , m a t h e m a t i c i a n s , o r c o m p u t e r e x p e r t s . E n g i n e e r i n g p r o b ­
l e m s r e q u i r e e n g i n e e r s . W h a t e v e r f a c e t s a p r o b l e m h a s , the c i t y p l a n ­
n e r s h o u l d s e e to it that the t e a m w h i c h i s w o r k i n g o n it i n c l u d e s the 
s p e c i a l i s t s w h o a r e q u a l i f i e d to c o n t r i b u t e t o w a r d a s o l u t i o n . 
The i m p o r t a n t th ing for c i t y p l a n n e r s to g r a s p i s the s c i e n t i f i c 
a t t i t u d e that p r o b l e m s c a n be a n a l y z e d o b j e c t i v e l y u s i n g r e l i a b l e and 
v a l i d m e a n s of m e a s u r e m e n t and l o g i c a l s y s t e m s of t h o u g h t . It i s no t 
n e a r l y s o i m p o r t a n t f o r a c i t y p l a n n e r to be a b l e to a p p l y a l l the l a t e s t 
s c i e n t i f i c t e c h n i q u e s h i m s e l f . He c a n h a r d l y be e x p e c t e d to be k n o w ­
l e d g e a b l e e n o u g h to m a s t e r a l l the u s e f u l t e c h n i q u e s . C i t y p l a n n e r s 
s h o u l d u s e t e a m s of s c i e n t i f i c e x p e r t s to h e l p t h e m . 
HI. T o p i c s for f u r t h e r s t u d y , - - T h e f ina l r e c o m m e n d a t i o n c o n c e r n s 
t o p i c s f o r f u r t h e r s t u d y . I n n u m e r a b l e t o p i c s for f u r t h e r s t u d y c o u l d 
be d e v e l o p e d f r o m the m a t e r i a l i n t r o d u c e d i n t h i s t h e s i s . A f e w of 
t h e s e t o p i c s , p r e s e n t e d b e l o w , m i g h t be u s e d a s p o s s i b l e t h e s i s t o p i c s 
for the f u t u r e . It i s r e c o m m e n d e d that f u r t h e r s t u d y of t h e s e t o p i c s 
s h o u l d be a c t i v e l y e n c o u r a g e d by c i t y p l a n n e r s . T h e t o p i c s f o l l o w . 
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A p p l i c a t i o n of E l e c t r o n i c D a t a P r o c e s s i n g S y s t e m s to C i t y 
P l a n n i n g P r o b l e m s . 
M a t h e m a t i c a l M o d e l s U s e f u l to C i t y P l a n n e r s . ( E c o n o ­
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A p p l i c a t i o n of the C o n t r o l C h a r t T e c h n i q u e to C i t y P l a n n i n g 
P r o b l e m s . 
D e v e l o p m e n t and U s e of D e v i c e s for M e a s u r i n g S o c i a l V a l u e s 
of I n t e r e s t to C i t y P l a n n e r s . ( T h i s top ic c o u l d be b r o k e n 
d o w n in to a n y n u m b e r of m o r e s p e c i f i c t o p i c s , e a c h d e a l i n g 
w i t h one s p e c i f i c m e a s u r i n g d e v i c e or t y p e of d e v i c e , o r 
d e a l i n g w i t h o n e s p e c i f i c s e t of s o c i a l v a l u e s . ) 
P r e p a r a t i o n of a C i t y P l a n n i n g H a n d b o o k . ( T h i s t o p i c c o u l d 
be b r o k e n d o w n in to t h r e e s e c t i o n s - - p r e p a r a t i o n of t a b l e s 
g i v i n g d e s i g n d a t a , c o m p i l a t i o n of f o r m u l a s and s t a n d a r d s , 
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s t u d i e s . 
T e c h n i q u e s of K e e p i n g C i t y P l a n s F l e x i b l e . 
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1. M e y e r s o n , o p . c i t . , p . 61 
2 . I b i d . 
3 . I n f o r m a t i o n a b o u t q u a l i t y c o n t r o l w a s t a k e n f r o m the 
f o l l o w i n g b o o k s . 
C r o o k s , W. E . , e t . a l . , Q u a l i t y C o n t r o l in the C o t t o n I n d u s t r y . 
A u s t i n , T e x a s : T h e C o t t o n R e s e a r c h C o m m i t t e e of T e x a s , 1 9 5 1 . 
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D r y d e n , Hugh L . , e t . . a l . , F l u i d M e c h a n i c s a n d S t a t i s t i c a l 
M e t h o d s in E n g i n e e r i n g . P h i l a d e l p h i a : U n i v e r s i t y of 
P e n n s y l v a n i a P r e s s , 1 9 4 1 . 
S t a t i s t i c a l Q u a l i t y C o n t r o l f o r F o u n d r i e s , F i r s t E d i t i o n , 
C h i c a g o : A m e r i c a n F o u n d r y m e n ' s S o c i e t y , 1 9 5 3 . 
4 . A s h l e y , E . E v e r e t t , III, K n o w Y o u r L o c a l H o u s i n g M a r k e t . 
W a s h i n g t o n , D . C : H o u s i n g and H o m e F i n a n c e A g e n c y , 1 9 5 6 , 
p p . 8 - 1 3 and 2 5 - 2 6 . 
5. Ib id . , p p . 7 - 9 . 
6 . A g o o d d i s c u s s i o n of i n d i c i e s a p p e a r s i n H a g o o d , o p . c i t . , 
p p . 2 1 6 - 2 4 4 . 
7. B o g u e , o p . c i t . , p p . 2 and 1 2 . 
8. S p a r k s , R o b e r t M , , "The C a s e for a U n i f o r m L a n d U s e 
C l a s s i f i c a t i o n , " J o u r n a l of the A m e r i c a n I n s t i t u t e of P l a n n e r s , 
2 4 , ( 1 9 5 8 ) , p p . 1 7 4 - 1 7 8 . 
9 . I n s t i t u t e of C o m m u n i t y D e v e l o p m e n t , U n i v e r s i t y of O k l a h o m a , 
o p . c i t . , p . 6 . 
1 0 . T h e f o l l o w i n g m a t e r i a l o n s a m p l i n g i s t a k e n l a r g e l y f r o m 
H a g o o d , o p . c i t . , p p . 4 0 4 - 4 3 3 . 
1 1 . K o z m e t s k y , G e o r g e and P a u l K i r c h e r , E l e c t r o n i c C o m p u t e r s 
and M a n a g e m e n t C o n t r o l . N e w Y o r k : M c G r a w - H i l l B o o k C o . , 
1 9 5 6 , p p . 1 6 9 - 1 8 9 . 
1 2 . V i d o r , F r a n z J . , A R e c o r d C o n t r o l S y s t e m for H o u s i n g L a w 
E n f o r c e m e n t A c t i v i t i e s . B a l t i m o r e : B a l t i m o r e C i t y H e a l t h 
D e p a r t m e n t . 1 9 5 6 . 
1 3 . B e r g m a n , A . C . , " O a k w o o d R e c o r d s E v e r y t h i n g - - E l e c t r o n i -
c a l l y , " The A m e r i c a n C i t y , 7 3 : 1 0 , ( O c t o b e r 1 9 5 8 ) , p p . 1 8 5 - 1 8 7 . 
14 . G o o d e and M a c h o l , o p . c i t . , p . 2 7 . 
15 . K o z m e t s k y a n d K i r c h e r , o p . c i t . , p . 1 8 1 . 
1 6 . G o o d e and M a c h o l , o p . c i t . , p . 1 4 . 
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17. Ib id . , p . 3 0 2 . T h e o r i g i n a l r e p o r t g i v i n g d e t a i l s of the 
p r o p o s a l i s v a n G o r d e r , H. F . , e t . a l . , "A N e w A p p r o a c h 
to O f f i c e M e c h a n i z a t i o n : I n t e g r a t e d D a t a P r o c e s s i n g t h r o u g h 
C o m m o n L a n g u a g e M a c h i n e s , " N e w Y o r k , A m e r i c a n M a n a g e ­
m e n t A s s o c i a t i o n , 1 9 5 4 . 
1 8 . K o z m e t s k y and K i r c h e r , o p . c i t . , p . 2 7 3 . 
19 . H i n e s , W i l l i a m , ' ^ E l e c t r o n i c ' F O S D I C to Spur '60 C e n s u s , " 
T h e S u n d a y S t a r , W a s h i n g t o n , D . C , J u l y 1 3 , 1 9 5 8 . 
2 0 . T h e f o l l o w i n g two s o u r c e s g i v e i n t e r e s t i n g d e s c r i p t i o n s of 
the a b i l i t i e s of e l e c t r o n i c c o m p u t e r s . 
L a t i l , P i e r r e d e , T h i n k i n g b y M a c h i n e , ( t r a n s l a t e d by Y . M . 
G o l l a ) . B o s t o n : H o u g h t o n M i f f l i n C o . , 1 9 5 7 . 
S i m o n , H e r b e r t A . and A l l e n N e w e l l , " E l e m e n t s of a T h e o r y 
of H u m a n P r o b l e m S o l v i n g . " P s y c h o l o g i c a l R e v i e w , 65 
( 1 9 5 8 ) , p p . 1 5 1 - 1 6 6 . 
C h a p t e r IV . D E C I S I O N M A K I N G 
1. M e y e r s o n , o p . c i t . , p . 6 1 . 
2 . Ib id . 
3 . F i r e y , W a l t e r , L a n d U s e i n C e n t r a l B o s t o n . C a m b r i d g e , 
M a s s a c h u s e t t s : H a r v a r d U n i v e r s i t y P r e s s , 1 9 4 7 . 
F i r e y , W a l t e r , " S e n t i m e n t and S y m b o l i s m a s E c o l o g i c a l 
V a r i a b l e s , " A m e r i c a n S o c i o l o g i c a l R e v i e w , 10 ( 1 9 4 5 ) , 
p p . 1 4 0 - 1 4 6 . 
4 . C u s h e n , W a l t e r E . , " S y m b o l i c L o g i c i n O p e r a t i o n s R e s e a r c h , " 
i n M c C l o s k y and T r e f e t h e n , o p . c i t . , p p . 1 8 7 - 2 0 2 . 
5. R o t h s t e i n , J e r o m e , C o m m u n i c a t i o n , O r g a n i z a t i o n , and 
S c i e n c e , C h a p t e r 1 2 . Ind ian H i l l s , C o l o r a d o : T h e F a l c o n ' s 
Wing P r e s s , 1 9 5 8 . 
6 . M c C o r m i c k , T . C . and R. G. F r a n c i s , M e t h o d s of R e s e a r c h 
in the B e h a v i o r a l S c i e n c e s , C h a p t e r 5 . N e w Y o r k : H a r p e r 
and B r o t h e r s , 1 9 5 8 . T h i s r e f e r e n c e w a s v e r y he lp fu l i n 
w r i t i n g the f o l l o w i n g m a t e r i a l a b o u t m e a s u r i n g s o c i a l v a l u e s . 
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7. I b i d . , p . 7 9 . 
8. C h a p i n , o p . c i t . , p p . 2 3 4 - 2 3 7 . 
9. M c C o r m i c k and F r a n c i s , o p . c i t . , p . 8 2 . 
1 0 . G o o d e and H a t t , o p . c i t . , p . 2 3 4 . 
1 1 . The D e t r o i t A r e a S t u d y , A S o c i a l P r o f i l e of D e t r o i t / 1 9 5 6 . 
A n n A r b o r , M i c h i g a n : U n i v e r s i t y of M i c h i g a n , 1957 , p . 5 3 . 
1 2 . S h e v k y , E s h r e f a n d M a r i l y n W i l l i a m s , T h e S o c i a l A r e a s 
of L o s A n g e l e s . L.os A n g e l e s , C a l i f o r n i a : T h e H a y n e s 
F o u n d a t i o n , 1 9 4 9 . 
S h e v k y , E s h r e f and W e n d e l l B e l l , S o c i a l A r e a A n a l y s i s . 
S t a n f o r d , C a l i f o r n i a : S t a n f o r d U n i v e r s i t y P r e s s , 1 9 5 5 . 
C h a p t e r V . D E T A I L E D P R O B L E M S O L V I N G 
1. M e y e r s o n , o p . c i t . , p . 6 2 . 
2 . Ib id . 
3 . H u t c h i n s , R o b e r t M . and M o r t i m e r J . A d l e r , e d i t o r s , 
G r e a t B o o k s of the W e s t e r n W o r l d , V o l u m e 3 1 , C h i c a g o : 
E n c y c l o p a e d i a B r i t a n i c a I n c . , 1 9 5 2 . 
4 . F l e s c h , Rudol f , The A r t of C l e a r T h i n k i n g . N e w Y o r k : 
H a r p e r and B r o t h e r s , 1 9 5 1 . 
5 . P o l y a , G. , H o w to S o l v e I t , S e c o n d E d i t i o n . N e w Y o r k : 
D o u b l e d a y A n c h o r B o o k s , 1 9 5 7 . 
T h e o t h e r two v o l u m e s , I n d u c t i o n and A n o l o g y i n M a t h e m a t i c s 
and P a t t e r n s of P l a u s i b l e I n f e r e n c e , c o n s t i t u t e P o l y a ' s 
r e c e n t w o r k e n t i t l e d M a t h e m a t i c s and P l a u s i b l e R e a s o n i n g . 
P r i n c e t o n , N e w J e r s e y : P r i n c e t o n U n i v e r s i t y P r e s s . 1 9 5 4 . 
6 . P o l y a , H o w to S o l v e It, p . 1 3 0 . 
7. F l e s c h , o p . c i t . , p . 1 4 8 . 
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8 . H e n r y K. E v a n s , e d i t o r , T r a f f i c E n g i n e e r i n g H a n d b o o k , 
S e c o n d E d i t i o n , N e w H a v e n , C o n n e c t i c u t : I n s t i t u t e of 
T r a f f i c E n g i n e e r s , 1 9 5 0 . 
C o m m i t t e e o n H i g h w a y C a p a c i t y , H i g h w a y C a p a c i t y M a n u a l . 
W a s h i n g t o n , D . C . : H i g h w a y R e s e a r c h B o a r d , 1 9 5 0 . 
M a n u a l of T r a f f i c E n g i n e e r i n g S t u d i e s , S e c o n d E d i t i o n . 
N e w Y o r k : The A c c i d e n t P r e v e n t i o n D e p a r t m e n t of the 
A s s o c i a t i o n of C a s u a l t y and S u r e t y C o m p a n i e s , 1 9 5 3 . 
9 . B a r t h o l o m e w , H a r l a n d , L a n d U s e s in A m e r i c a n C i t i e s . 
C a m b r i d g e , M a s s a c h u s e t t s : H a r v a r d U n i v e r s i t y P r e s s , 1 9 5 5 . 
10 . I s a r d , W a l t e r and R o b e r t E . C o u g h l i n , M u n i c i p a l C o s t s and 
R e v e n u e s R e s u l t i n g f r o m C o m m u n i t y G r o w t h . P h i l a d e l p h i a : 
U n i v e r s i t y of P e n n s y l v a n i a , 1 9 5 7 . 
C h a p t e r VI. R E A P P R A I S A L 
1. M e y e r s o n , o p . c i t . , p . 6 2 . 
2 . Ib id . 
3 . Ib id . 
4 . The E d i t o r s of S c i e n t i f i c A m e r i c a n , A u t o m a t i c C o n t r o l . 
N e w Y o r k : S i m o n and S c h u s t e r , 1 9 5 5 , p . 1 4 . 
5. I b i d . , p . 17 . 
6 . B o r d e n , P e r r y A . and G u s t a v e M . T h y n e l l , P r i n c i p l e s and 
M e t h o d s of T e l e m e t e r i n g . N e w Y o r k : R e i n h o l d P u b l i s h i n g 
C o r p . , 1 9 4 8 . 
7 . B r o s s , I r w i n D . J . , D e s i g n f o r D e c i s i o n . N e w Y o r k : T h e 
M a c m i l l a n C o . , 1 9 5 3 , p p . 1 3 0 - 1 4 4 . 
8 . G o o d e a n d H a t t , o p . c i t . , p . 1 4 7 . 
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C h a p t e r VII . N O T E S , C O N C L U S I O N , A N D R E C O M M E N D A T I O N S 
1. I n s t i t u t e for T r a i n i n g i n M u n i c i p a l A d m i n i s t r a t i o n , T h e 
T e c h n i q u e of M u n i c i p a l A d m i n i s t r a t i o n , T h i r d E d i t i o n . 
C h i c a g o : T h e I n t e r n a t i o n a l C i t y M a n a g e r ' s A s s o c i a t i o n , 
1 9 4 7 , pp . 3 3 3 - 3 3 4 . 
2 . I b i d . , p . 3 3 4 . 
3 . M c C l o s k y and T r e f e t h e n , o p . c i t . , p . 2 5 9 . 
4 . Ib id . , p p . 6 9 - 7 2 . 
5. M o r s e and K i m b a l l , o p . c i t . , p p . 1 3 7 - 1 3 8 . 
6. I b i d . , p . 1 3 9 . 
7 . B u s h , G e o r g e P . and L o w e l l H. H a t t e r y , S c i e n t i f i c R e s e a r c h : 
Its A d m i n i s t r a t i o n a n d O r g a n i z a t i o n . W a s h i n g t o n , D . C . : 
T h e A m e r i c a n U n i v e r s i t y P r e s s , 1 9 5 0 , p . 1 6 3 . 
O t h e r R e f e r e n c e s 
B o o k s 
B r a i t h w a i t e , R i c h a r d B e v a n , S c i e n t i f i c E x p l a n a t i o n : A S t u d y of 
the F u n c t i o n of T h e o r y , P r o b a b i l i t y and L a w in S c i e n c e . N e w 
Y o r k : C a m b r i d g e U n i v e r s i t y P r e s s , 1 9 5 3 . 
B u s h , G e o r g e P . and L o w e l l H. H a t t e r y , T e a m w o r k i n R e s e a r c h . 
W a s h i n g t o n , D . C . : The A m e r i c a n U n i v e r s i t y P r e s s , 1 9 5 3 . 
C h a p i n , F . S t u a r t , E x p e r i m e n t a l D e s i g n s i n S o c i o l o g i a l R e s e a r c h , 
R e v i s e d E d i t i o n . N e w Y o r k : H a r p e r a n d B r o t h e r s , 1 9 5 5 . 
D a v i d s o n , D o n a l d ; P a t r i c k S u p p e s ; and S i d n e y S i e g e l ; D e c i s i o n 
M a k i n g : A n E x p e r i m e n t a l A p p r o a c h . S t a n f o r d , C a l i f o r n i a : 
S t a n f o r d U n i v e r s i t y P r e s s , 1 9 5 7 . 
D u n c a n , A c h e s o n J . , Q u a l i t y C o n t r o l and I n d u s t r i a l S t a t i s t i c s , 
R e v i s e d E d i t i o n . H o m e w o o d , I l l i n o i s : R i c h a r d D . I r w i n , 1 9 5 9 . 
F u n d a m e n t a l R e s e a r c h i n A d m i n i s t r a t i o n : H o r i z o n s and P r o b l e m s . 
P i t t s b u r g h : C a r n e g i e P r e s s , 1 9 5 3 . 
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G e e , W i l s o n , S o c i a l S c i e n c e R e s e a r c h M e t h o d s . N e w Y o r k : 
A p p l e t o n - C e n t u r y - C r o f t s 1 9 5 0 . 
G l a s s , R u t h , The S o c i a l B a c k g r o u n d of a P l a n : A S t u d y of 
M i d d l e s b r o u g h . L o n d o n : R o u t l e d g e and K e g a n P a u l , L i m i t e d , 1 9 4 8 . 
H a g o o d , M a r g a r e t J a r m a n and D a n i e l O . P r i c e , S t a t i s t i c s for 
S o c i o l o g i s t s , R e v i s e d E d i t i o n . N e w Y o r k : H e n r y H o l t a n d C o . , 
1 9 5 2 . 
H y m a n , H e r b e r t , S u r v e y D e s i g n and A n a l y s i s . G l e n c o e , I l l i n o i s : 
The F r e e P r e s s , 1 9 5 5 . 
J a h o d a , M a r i e ; M o r t o n D e u t s c h ; and S t u a r t W . Cook; R e s e a r c h 
M e t h o d s i n S o c i a l R e l a t i o n s . N e w Y o r k : T h e D r y d e n P r e s s , 1 9 5 1 . 
K a n t o r , J a c o b R o b e r t , The L o g i c of M o d e r n S c i e n c e . 
B l o o m i n g t o n , I n d i a n a : The P r i n c i p i a P r e s s , 1 9 5 3 . 
L a z a r s f e l d , P a u l F . and A l l e n B a r t o n , " Q u a l i t a t i v e M e a s u r e m e n t 
i n the S o c i a l S c i e n c e s : C l a s s i f i c a t i o n , T y p o l o g i e s , and I n d i c i e s , " 
i n L e r n e r , D a n i e l and H a r o l d D . L a s s w e l l , e d i t o r s , The P o l i c y 
S c i e n c e s : R e c e n t D e v e l o p m e n t s i n S c o p e and M e t h o d . S t a n f o r d , 
C a l i f o r n i a : S t a n f o r d U n i v e r s i t y P r e s s , 1 9 5 1 , p p . 1 5 5 - 1 9 2 . 
L e e , R i c h a r d E . , The B a c k g r o u n d s and F o u n d a t i o n s of M o d e r n 
S c i e n c e . B a l t i m o r e : T h e W i l l i a m s and W i l k i n s C o . , 1 9 3 5 . 
S c h m i d t , C a l v i n F . , H a n d b o o k of G r a p h i c P r e s e n t a t i o n . The 
R o n a l d P r e s s , 1 9 5 4 . 
S h e v k y , E s h r e f and M o l l y L e w i s , Y o u r N e i g h b o r h o o d . L o s 
A n g e l e s , C a l i f o r n i a : The H a y n e s F o u n d a t i o n , 1 9 4 9 . 
T h o r n t o n , J e s s e E . , S c i e n c e and S o c i a l C h a n g e . W a s h i n g t o n , 
D . C : The B r o o k i n g s I n s t i t u t i o n , 1 9 3 9 . 
T h r a l l , R . M . ; C. H. C o o m b s ; and R . L . D a v i s ; e d i t o r s ; 
D e c i s i o n P r o c e s s e s . N e w Y o r k : J o h n W i l e y and S o n s , 1 9 5 4 . 
T o r g e r s o n , W a r r e n S . , T h e o r y and M e t h o d s of S c a l i n g . N e w 
Y o r k : John W i l e y and S o n s , 1 9 5 8 . 
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P e r i o d i c a l s 
A c k o f f , R u s s e l l L . , " O p e r a t i o n s R e s e a r c h and N a t i o n a l P l a n n i n g , 1 1 
O p e r a t i o n s R e s e a r c h , 5, ( 1 9 5 7 ) , p p . 4 5 7 - 4 6 8 . 
B r a n c h , M e l v i l l e C . , J r . , " S y m p o s i u m o n C o r p o r a t e P l a n n i n g , n 
O p e r a t i o n s R e s e a r c h , 6, ( 1 9 5 8 ) , p p . 5 3 8 - 5 9 0 . 
C o h e n , J o h n , " S u b j e c t i v e P r o b a b i l i t y , " S c i e n t i f i c A m e r i c a n , 
1 9 7 : 5 , ( N o v e m b e r 1 9 5 7 ) , p p . 1 2 8 - 1 3 8 . 
E l d r e d g e , H . W e n t w o r t h , " T h e H a n o v e r T o w n P l a n P u b l i c O p i n i o n 
S u r v e y , " J o u r n a l of the A m e r i c a n I n s t i t u t e of P l a n n e r s , 2 4 , 
( 1 9 5 8 ) , p p . 1 7 9 - 1 8 6 . 
F r e e d m a n , R o n a l d , " T h e D e t r o i t A r e a S tudy: A T r a i n i n g a n d 
R e s e a r c h L a b o r a t o r y in the C o m m u n i t y , " A m e r i c a n J o u r n a l 
of S o c i o l o g y , 5 9 , ( 1 9 5 3 ) , p p . 3 0 - 3 3 . 
G r e e n w o o d , E r n e s t , " R e l a t i o n s h i p of S c i e n c e to the P r a c t i c e 
P r o f e s s i o n s , " J o u r n a l of the A m e r i c a n I n s t i t u t e of P l a n n e r s , 
2 4 , ( 1 9 5 8 ) , p p . 2 2 3 - 2 3 2 . 
H i g g i n s , B e n j a m i n , " T o w a r d a S c i e n c e of C o m m u n i t y P l a n n i n g , " 
J o u r n a l of t h e A m e r i c a n I n s t i t u t e of P l a n n e r s , 15 , ( 1 9 4 9 ) , p p . 3 - 1 3 . 
J o n e s , N o r m a n S. , " M a c h i n e s that C a p t u r e O r i g i n a l D a t a , " The 
A m e r i c a n C i t y , 7 2 : 6 , (June 1 9 5 7 ) , p . 1 6 0 . 
M a n s i f e l d , E d w i n and H a r o l d H. "Wein, "A R e g r e s s i o n C o n t r o l 
C h a r t for C o s t s , H A p p l i e d S t a t i s t i c s , 7, ( 1 9 5 8 ) , p p . 4 8 - 5 7 . 
P r e s t h u s , R o b e r t V . , e d i t o r , " S p e c i a l I s s u e o n D e c i s i o n M a k i n g , " 
A d m i n i s t r a t i v e S c i e n c e Q u a r t e r l y , 3 , ( 1 9 5 8 ) , p p . 2 8 9 - 4 2 8 . 
R o t i v a l M a u r i c e E . H. , "An E x p e r i m e n t i n O r g a n i c P l a n n i n g 
f o r N e w H a v e n , " U . S . A . T o m o r r o w , 1:2, ( 1 9 5 5 ) , p p . 1 6 - 2 3 . 
S i m o n , H e r b e r t A . and A l l e n N e w e l l , " H e u r i s t i c P r o b l e m 
S o l v i n g : T h e N e x t A d v a n c e in O p e r a t i o n s R e s e a r c h , " O p e r a t i o n s 
R e s e a r c h , 6 , ( 1 9 5 8 ) , p p . 1 - 1 0 . 
V a s w a n i , R a m , " T h e V a l u e of I r r e d u c i b l e s i n the P l a n n i n g of 
S e r v i c e S y s t e m s , " O p e r a t i o n s R e s e a r c h , 6 , ( 1 9 5 8 ) , p p . 7 4 0 - 7 6 5 . 
152 
W i n c h , R o b e r t F . , " H e u r i s t i c and E m p i r i c a l T y p o l o g i e s : A 
Job for F a c t o r A n a l y s i s , " A m e r i c a n S o c i o l o g i c a l R e v i e w , 12 , 
( 1 9 4 7 ) , p p . 6 8 - 7 4 . 
M i s c e l l a n e o u s 
A n d l i n g e r , G e r h a r d R . , e t . a l . , O p e r a t i o n s R e s e a r c h : C h a l l e n g e 
to M o d e r n M a n a g e m e n t , S e c o n d E d i t i o n . C a m b r i d g e , M a s s a c h u ­
s e t t s : H a r v a r d U n i v e r s i t y , G r a d u a t e S c h o o l of B u s i n e s s A d m i n i s ­
t r a t i o n , 1 9 5 5 . 
B e l k n a p , G e o r g e , R e s e a r c h o n the S o c i a l and P o l i t i c a l D y n a m i c s 
of M e t r o p o l i t a n A r e a s . M i m e o g r a p h e d . 
C o m m i t t e e o n O r i g i n and D e s t i n a t i o n S u r v e y s , U r b a n A r t e r i a l 
P l a n n i n g , B u l l e t i n N o . 1 5 3 . W a s h i n g t o n , D . C . : H i g h w a y 
R e s e a r c h B o a r d , 1 9 5 7 . 
D a v i e s , M a x and M i c h e l V e r h u l s t , e d i t o r s , O p e r a t i o n a l R e s e a r c h 
i n P r a c t i c e : R e p o r t of a N A T O G o n f e r e n c e . N e w Y o r k : P e r g a m o n 
P r e s s , 1 9 5 8 . 
P l a n n i n g A d v i s o r y S e r v i c e , E c o n o m i c A n a l y s i s of M a r k e t A r e a 
for Shopping C e n t e r s , R e p o r t N o . 4 4 . C h i c a g o : A m e r i c a n S o c i e t y 
of P l a n n i n g O f f i c i a l s , 1 9 5 2 . 
P l a n n i n g A d v i s o r y S e r v i c e , R e c o r d i n g and R e p o r t i n g S t a t i s t i c s 
o n S u b d i v i s i o n A c t i v i t y , R e p o r t . N o , 8 7 . C h i c a g o : A m e r i c a n 
S o c i e t y of P l a n n i n g O f f i c i a l s , 1 9 5 6 . 
V a z s o n y i , A n d r e w , " O p e r a t i o n s R e s e a r c h a n d the A c c o u n t a n t , " 
a n a d d r e s s p r e s e n t e d to the S a n F r a n c i s c o C h a p t e r of the 
N a t i o n a l A s s o c i a t i o n of C o s t A c c o u n t a n t s , June 2 6 , 1 9 5 6 , S a n 
F r a n c i s c o , C a l i f o r n i a . 
